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STELLINGEN. 


Ten onrechte wordt de „symbiotische” alg der zoetwatersponzen 
tot het geslacht Chlorella gerekend. 


EL. 


Ten onrechte verklaart men het verschijnsel, dat de groote 
meerderheid der „symbiotische” algen in zoetwatersponzen in 
donker kleurloos zijn (worden), door het voor de hoogere planten 
bekende feit, dat in duister geen chlorophyl gevormd kan worden. 


UT. 


Het nut der „symbiotische vereeniging van zoetwaterspons 
en groene alg (in licht) is voor de alg niet gelegen in een gun- 
stiger voedingsmedium, doch in het feit (in beperkte mate) be- 
schermd te worden. 


IN 


Van het standpunt der zoetwaterspons zijn de voortdurend uit 
het omgevende water in haar weefsels binnen gevoerde „symbio- 
tische” algen uitsluitend als voedsel te beschouwen, bestemd om 
verteerd te worden, tenzij de mogelijkheid verwezenlijkt mocht 
blijken, dat de door deze algen in licht afgescheiden O, een aan- 
merkelijken, gunstigen invloed heeft op het stofwisselingsproces 
der spons. 


Ne 


Ten onrechte beschouwt men de flagelbeweging van de choano- 
cyten der sponzen als geheel afwijkend van die der Flagellaten. 


VE 


Ten onrechte beschouwt men de wijze van voedselopvangen 
door de choanocyten der sponzen als geheel afwijkend van die 
der Choanoflagellaten. 


VIL. 


Ten onrechte zegt BIEDERMANN (WINTERSTEIN'S Handb. d. 
Vergl. Physiol.), „dass die Kragenzellen” (der sponzen) „wirklich 
die einzigen direkt nahrungsaufnehmenden Elemente sind”. 


VIII. 


Het dieet heeft bij den mensch invloed op de werkzaamheid 
van het ptyaline. (Zie o.a. VAN Trier, Ztschr. f. Physiol. Chemie, 
Bd 85, 19135) 


IX. 


De mogelijkheid bestaat, dat het organisme zich bij verande- 
ring van dieet naar de veranderde eischen schikt door, zonder 
de concentratie van het enzym te veranderen, aan het digestie- 
milieu een geschiktere samenstelling te geven, b.v. met betrek- 
king tot de concentratie der H-, O H-, Cl- en andere ionen. 
(Zie o.a. RINGER en VAN Triet, Versl. Kon. Ak. v. Wet, Nov. 
1912 en Ztschr. f. Physiol. Chemie, Bd. 82, 1912.) 


X. 


De electrogrammen met behulp van den snaar-galvanometer ver- 
kregen van het pulseerende caudale lymph-hart van den aal laten 
En 


zich op eenvoudige wijze uit zijn bouw verklaren. (Zie vaN ÎrIeT, 
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Ztschr. f. Biologie, Bd. 62, 1913 en Ned. Tijdschr. v. Geneesk. 
1913 en 1914.) 


SE 


De dermatomerie van Lacerta viridis levert ons den sleutel 
ter verklaring van de dermatomerie der tot nu toe onderzochte 
hoogere dieren (kat, macacus, mensch), daar de factoren, welke 
vorm en ligging der dermatomen beheerschen, bij Lacerta in 
den meest primitieven toestand aanwezig zijn. (Zie VAN TRIGT, 
N. Verh. Bataafsch Genootschap, 2de Reeks, Dl. 7, 1917 en Ned. 
Tijdschr. v. Geneesk. 1918.) 


XII. 


Het door LieBERKÜHN en WELTNER beschreven verschijnsel, 
dat levende gemmula-cellen van zoetwatersponzen in water ge- 
bracht tijdens de opzwelling hunne dooierkogels uitstooten, kan 
niet alleen beschouwd worden als een reactie tot zelf behoud, doch 
ook als een inleiding tot celdeeling, welke door de dooiermassa 
zoolang is tegengehouden. (Zie vAN Trier, Arch. Néerl. d. Phy- 
siol, T. 2, 1918.) 


XII. 


Het is zeer waarschijnlijk, dat het zetmeel in de plantaardige 
cel niet alleen dienst doet als voedsel, doch tegelijkertijd een 
„reservoir van ademhalings-energie” is. (Zie JANSE, Jahrb. f. wiss. 
Botanik, 1918.) 


XIV. 


De door STRASBURGER en Bower gegrondveste antithesen-theorie 
der generatie-wisseling wordt door de bekende gevalien van 
apogamie en aposporie niet noemenswaard aangetast. (Zie BOWER, 
The Origin of a Land Flora, 1908.) 


BN 


ABEL’s uitspraak (Palaeobiologie, 1912), dat „der Daumen eine 
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Neuerwerbung der Reptilien ist und bei den Stegocephalen und 
Amphibien überhaupt ursprünglich nicht vorhanden war”, is — 
in verband met de wet van Dotto — niet vereenigbaar met de 
opvatting, dat de pentadactyle (voorste) extremiteit der hoogere 
vertebraten direct van het Ichthyopterygium af te leiden zou zijn. 


NVE 


Tegen de opvatting van Epstein (Naturw. Wochenschr., 29 
April 1917), dat Spirula niet als een afstammeling der Belemniten 
beschouwd moet worden, doch als de laatste levende vertegen- 
woordiger der echte Clymeniden, zijn groote bezwaren aan te 
voeren. 


This paper will also be published in the Tijdschrift der Neder- 
landsche Dierkundige Vereeniging, 24e Serie, Dl. XVII (1919). 


CORRIGENDA. 


line 21, read: .... not only to be.. : 
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A CONTRIBUTION TO THE PHYSIOLOGY OF 
THE FRESH-WATER SPONGES (SPONGILLIDAE). 


PREFACE. 


A paper as follows must necessarily be established by a de- 
tailed statement of observations as well as by illustrations taken 
from life. As my investigations have led to so many subjects, 
this paper has become rather extensive; and it would have lost 
its clear survey, had I not taken special precautions to prevent this. 

1. For a survey of the questions and the results, I refer to the 
various points of the Introduction and to the adjoined points in 
the Summary at the end of this paper. This Summary gives the 
chief results, and the pages of the text, the tables and illustrations 
concerning them. 

2. In the text itself the questions and results are always printed 
in italics. 


My principal results have already been published in the Pro- 
ceedings of the Kon. Akademie van Wetenschappen at Amsterdam, 
meeting 24 Noy. 1917. 
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INTRODUCTION. 


If I venture to treat here at large, with the help of my 
own research, the problem of the chlorophyll, of the current of 
water, of the ingestion and the defecation in fresh-water sponges, 
it is not, because there is but little known about these problems. 
On the contrary; investigators have already studied them since 
decennaries. We even possess a great number of papers on these 
subjects; some of which are considered in literature as standard 
researches giving decisive results. Nevertheless, I think it neces- 
sary to treat those problems once more; in the first place, be- 
cause during my investigations, which I have continued as exact 
as possible for at least 4 years, several of these results obtained 
and generally acknowledged — some of them being of the greatest 
interest — proved to me absolutely inexact; and in the second 
place, because I will be able to confirm by new and better proofs 
some of the results, which have not yet been generally acknow- 
ledged in consequence of a less complete argumentation. 

‘I will mention in short the chief points (see also van Trier, 57b): 

1. In 1882 BRANDT (8, 9) came to the conclusion, that the 
chlorophyll corpuscles of the fresh-water sponges were unicel- 
lular algae (Zoochlorellae), morphologically and physiologically 
independent of their hosts. Ray LANKESTER (35) and Grppus (22), 
however, got to quite the opposite view: the chlorophyll corpuscles 
of Spongilla are identical to those of the plants, the investigators 
who think them to be parasitic algae are misled. BRANDT'’s proofs 
are good enough, but not yet quite sufficient; he did not succeed 
in convincing LANKESTER and GEDDEs. Nevertheless, Branpt’s 
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opinion is almost generally acknowledged — eg. by BEIJERINCK (4) 
1890, Drraam (16) 1899, Herrwie (29) 1908, OLTMANNs (47) 
1905, WELTNER (68) 1907 and BrepermaNn (6) 1911 —; SorLas (53) 
1906 only — and apparently Mincutn (45) 1900 too — holds 
the view of LANKESTER, though in a note he indicates the pos- 
sibility of the chlorophyll corpuscles being algae. I will show by 
decisive proofs that BRANDT was right (see Summary, point 1—5). 

2. The investigators, who agree with BRANDT, unanimously de- 
clare that the symbiotic alga of the Spongillidae belongs to the 
genus Chlorella — eg. BEIJERINCK (1. ¢.), OLTMANNS (l.c.), SCHENCK 
(56) 1908, Wine (69) 1911 —. But having examined the mode 
of reproduction of those algae, I have been able to state that, at 
least in my sponges, we do not meet with a member of the genus 
Chlorella at all, but with a form probably closely related to the 
genus Pleurococcus (see Summary, point 6). 

3. By lack of sufficient daylight green fresh-water sponges 
become colourless, viz. creamy-white, and colourless sponges 
remain colourless. In such sponges LANKESTER (l.c.) found the 
chlorophyll corpuscles, which used to be green, now colourless; 
and he concludes, that these colourless forms may either pass 
directly into (green) chlorophyll corpuscles by the action of sun- 
light, or that during their development, by sunlight, in stead of 
yielding the colourless form they pass into the green type. In 
the same way BRANDT (l.c.) says, when speaking about these 
colourless corpuscles: ,eben so gut wie die Chlorophyllkérper von 
höheren Pflanzen, können doch aber auch die Chlorophyllkörper 
von Algen bei mangelhaftem Lichtzutritt blasser werden”; and 
elsewhere: „dass die Chlorophyllkörper der Zoochlorellen ihre 
grüne Farbe im Dunkeln einbüssen, ist selbstverstindlich”. So 
both authors suppose conformity of the behaviour in darkness 
of the chloroplasts of the higher plants and of the chlorophyll. 
corpuscles of the Spongillidae; and so they explain the fact 
mentioned above, viz. that in darkness green sponges grow colour- 
less and colourless ones remain colourless, by analogy to the fact 
known from the Angiospermae: that chlorophyll can not be pro- 
duced in darkness. This, now, proved to me quite inexact. The 
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lack of light is really the cause of the green (colourless) sponges 
becoming (remaining) colourless in darkness, but for quite a 
different — much more complicate — reason than BRANDT and 
LANKESTER think of (see Summary, point 7—15). 

4. The general conception (except of LANKESTER c.s.) of the 


symbiotic relation of fresh-water sponge and alga is, as a relation 
probably based on mutual use. So Spongilla is almost considered 
to be a „classic’” example of symbiosis next to the Lichens. 
We possess however but a few proofs, very little decisive, con- 
cerning this mutual relation of host and guest (BRANDT 8). Now, 
with my experiments I have come to the conclusion that, instead 
of a classic example of symbiosis in the sense of the mutualism 
of the Lichens, the association of sponge and alga may be called 
at best a transition of a process of nutrition (of the sponge) into 
a still very imperfect symbiosis (see Summary, point 16—19). 


These were the original points I intended to examine. But, as 
is usually the case, when seeking we find by chance quite new 
ways leading to other territories. So I found out a method, which 
enabled me to observe wholly intact, normally living tissue 
of sponges with oil-immersion for many hours, on several consecu- 
tive days. In this way I got an insight into the following points : 

5. As for the cause of the current of water in the canal-system 
of the sponges, the research and theory of VosMAER and PEKEL- 
HARING (62) 1898 are almost generally acknowledged — eg. by 
Mincurn (45) 1900, BIEDERMANN (6) 1911, Basak (3) 1912 and 
partly by Jorpan (32) 1913 as well —: By the irregular strokes 
(to and fro) of the flagella of the choanocytes the pressure of 
the water on the inside of the wall of the flagellated chambers 
is continually changing; one time it is positive, next time nega- 
tive. In the first case the choanocytes acting as valves will pre- 
vent the water from flowing out through the prosopyles. If, on 
the contrary, the pressure is lessened, water can easily flow into 
the chamber by these openings. The sponge will thus suck in 
water through the incurrent canals, which flows out again by the 
osculum. The current in the flagellated chambers is not regularly, 
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continually streaming but irregularly whirling. This is, in 
short, the theory of VosMAER and PEKELHARING. Now, I have 
been able to establish in my living sponge-preparations that the 
movement of the flagella, as described here, is not the normal 
one, but abnormal, and caused by exhaustion. The real move- 
ment takes place, just as in the Flagellata, in a spiral- or undu- 
lating line, while the current of water in the chambers is deci- 
dedly regular and quick (see Summary, point 20). 

6. In close relation to the problem of the water-current in 
sponges is that of the ingestion of food — already a very old 
matter of dispute. Here too we owe the last and principal re- 
searches to VOSMAER and PEKELHARING (l.c.), by whom was shown 
once more, that the flagellated chambers, c.q. the choanocytes, 
would be the real „eating-organs’’ (CARTER) of the sponge; al- 
though both these investigators think it possible, that now and 
then food-particles can be captured by cells lining the canals. 
In literature this view is almost generally accepted — eg. by 
Drrace (16) 1899, Sorvas (53) 1906, BreperMANN (6) 1911 and 
JORDAN (32) 1913. MrincuiN (45) 1900, however, thinks ') that 
in the simplest forms of sponges indeed the collar-cells represent 
the chief ,eating-organs”, but that in the higher organized 
ones the function of ingestion may be usurped more and more 
by cells in the parenchyma (amoebocytes or porocytes). Now, I 
myself have observed in my living preparations, that in Spongilla 
ingestion certainly takes place by the choanocytes, but that there exists 
still another mode of ingestion — for larger bodies only — at the 
exterior of the flagellated chambers at the entrance of the prosopyles. 

It stands to reason, that the mode of capturing food by the 
choanocytes was conceived in perfect agreement with the theory 
of the water-current, as mentioned by VOSsMAER and PEKEL- 
HARING. So these investigators declare that the motion of the 
flagella, by the whirling movement of the water it produces in 
the chambers, causes, that food particles arrive easily within 
the collars of the choanocytes and thus come in contact with 


1) Here MrincurN follows Mrrscunrkorr (44). 
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their protoplasm. Now, as I have been able to observe in my 
living preparations quite another way of movement of the flagella 
and the water-current as being the normal one in the flagellated 
chambers, the way in which the choanocytes capture their food 
was also bound to prove wholly different. The food-particles are 
by no means captured within, but at the outside of the collars 
or at the outside of the collar-cells themselves; so exactly in the 
same way as in the Choanoflagellata (cf. DorLein (17)). Already 
JORDAN (32) said: „Den Vorgang der ,Phagocytose” durch die 
Kragenzellen mit demjenigen zu analogisieren, den wir bei den 
Choanoflagellaten kennen lernten, ist sehr verlockend, aber das 
vorliegende Beobachtungsmaterial reicht nicht hin, uns ein Recht 
zu solehem Analogisieren zu geben”. CoTTE (12) 1902, namely, 
seemed to have observed something as a capturing of food at 
the outside of the collars, although he said the capturing within 
the collars to be the chief manner of ingestion. 

Quite separate from the problem of ingestion of solid food re- 
mains PiTrer’s theory (48, 49) 1909, 1914, which says that 
sponges do not feed so much with micro-organisms as with or- 
ganic substances in solution, present in. the water. 

(See Summary, point 21—23). 

7. Finally the problem of defecation and excretion; up Db now 
it has been studied but little, and the few results we possess, 
and which we owe amongst others to MAsTERMAN (42) 1894 and 
Corrr (13) 1903, are only accepted in literature with reserve — 
Burran (10) 1910, Jorpan (32) 1913 —. There are mentioned, 
for instance, an expulsion of cells loaded with waste solids at 
arbitrary points of the inner or outer surface of the sponge-body, 
and a process of defecation by the choanocytes. Now, I have 
been able to observe in my living preparations, that defecation 
(and probably excretion at the same time) takes place on a large 
scale by means of vacuoles. And that probably this process should 
be considered partly in direct relation to the above (point 6) 
mentioned second way of capturing (larger) particles. So we get 
to know a — very necessary — quickly working system ge 
cleansing of the sponge (see Summary, point 24—25). 


8. 


These are the chief points of my investigation. I want to de- 
clare emphatically that for all my microscopic examinations I 
used no other than living preparations. Observing them has 
been an inexhaustible source of enjoyment to me, also beyond the 
problems I was about! This makes me think: Those zoologists, 
who devote themselves exclusively to morphology, should con- 
sider that, when studying biological problems, they generally 
commence by depriving the organism to be examined of the 


most interesting phenomenon, it ever may show — even the 
most interesting phenomenon on earth! —: Lare. 
METHODS. 


The capturing of sponges. The sponges were collected in the 
lakes near Leyden (Brasemermeer). Both forms, Spongilla la- 
custris and Ephydatia fluviatilis, are to be found there in great 
quantities; of course, such an unlimited quantity of proof-material 
is of the greatest importance for physiological investigations. 
When loosened from their supporting layer — stone or wood — 
the sponges were immediately cleaned from adhering parts of 
mud ete., and transported to the laboratory as quickly as 
possible. 

The conditions of life in their habitat as to light, purity of 
the water etc, in connection with the peculiarities of the fresh- 
water sponges, were studied by me in all seasons for several years. 
So I got many data, concerning the sponges living under normal 
conditions, on which I could test the exactness of the results 
of my proofs. 

The culture of the sponges. After many experiments the fol- 
lowing arrangement of the aquaria has proved to be the best. 
The glass aquaria (capacity 50 and 100 litres), and the other 
vessels used for the experiments, were standing in an unwarmed 
apartment of the laboratory (windows on S. W.), while daylight 
was tempered by partly closing the shutters and the air refreshed 
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by an open window. The aquaria contained water from the con- 
duit, which was continually flowing in; as I may conclude from 
my experiments, the water was entirely renewed in this way 
in 5—10 hours. Plants, nor any nutriment for the sponges were 
ever added — pure, streaming water proved to be best. In the 
aquaria the sponges were in (tempered) daylight, not too many 
together, in their natural attitude lying on wire-gauze, 10—20 
centimeters from the bottom and 15—20 centimeters from the 
surface of the water; in this way they were safe from the in- 
fluence of anything that might sink to the bottom. The aquaria 
were cleaned once in 1—2 months. For culture of sponges in 
darkness aquaria arranged in the same manner but surrounded 
by perfectly light-tight wooden cases were used. The Spongillae 
generally kept alive for 1—1'/, months, in the beginning they 
often grew strongly; the Ephydatiae, however, sometimes lived 
even for 5 months, but they: did not grow so quickly as Spon- 
gillae. Sometimes sponges were cultivated separately in glass 
vessels (capacity 3 or 5 litres), also containing conduit-water, 
though not streaming; this water was renewed once a day. 

The culture of the isolated chlorophyll corpuscles. The cultures 
were obtained in the following way: A green sponge was rubbed 
and pressed, the parts-of the skeleton removed, and the remaining 
dark green liquid mixed with some water. Then this liquid was 
kept quiet for about an hour, during which time a thick green 
mass settled at the bottom — formed, as appeared, by amoebocytes 
and other sponge-cells and by detritus -— while a still green . 
liquid remained. The latter almost exclusively contained the 
isolated green chlorophyll corpuscles. Next this liquid was divided 
into equal quantities over many little glass vessels; these vessels 
were filled with the culture-media wanted to the same volume 
(50 cM*), covered with glass plates, and placed either in (tem- 
pered) daylight, or in complete darkness in the same room as 
the aquaria. In the beginning the culture media were renewed 
every 2 or 3 days (as long as there were processes of rotting 
of sponge-rests), afterwards once in 1 or 2 months; to which it 
was of much use, that the chlorophyll corpuscles, once having 
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been isolated, used to settle down to the bottom in one day’s 
time, then forming, together with sponge-rests, a continuous 
membrane rather firmly attached to the bottom. 

The cultures of colourless chlorophyll corpuscles (from colour- 
less sponges) were obtained in the same manner. 

The culture-media were the following: 1. water from the con- 
duit, 2. solution of inorganic food, 3. solution of organic food, 
either diluted or concentrated, 4. liquid from a pressed sponge, 
also diluted or concentrated. 

The following solutions of inorganic food were used: 

I. Solution of OEHLMANN (from DorFLEIN (17) ). 


999 Gr. water 


O25 SMe se; 
Ore Na Os 
Oren RENES 


II. Solution of BEIJERINCK (from GERNECK (23) ). 


100 Gr. water 
0:05 NE END: 
0:02 AKE RO: 
0.02 ., MgSO, 
OE en OE 

traces Fe 80, 


And the following solutions of organic food: 
I. Solution of ARTARI (2). 


0.5 °/, peptone (WITTE) 


1 » glucose 
0:3 vy SES PO, 
Oel Me SO, 
Oto tE GE 


traces Fe, Cl, 

II. The same, but containing 6°/, glucose. 

III. Diluted solution of organic food; obtained by mixing 50 
cM? of the solution of inorganies I and 3 drops of the 
following solution of organics (of ZuMsteIN, from Dor- 
LEIN Lc): 
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100 Gr. water 


10 _„ peptone (Wrrre) 
10 _„ glucose 

dre eltrie acid 

0.4 „ MgSO, 

lS ELRO, 

Pee ENEN: 


The liquid from a pressed sponge (for culture-medium) was 
obtained in this way: The superfluous water was pressed out of 
some green sponges; then the sponges were rubbed and the re- 
maining liquid was filtered through a cloth, in order to separate 
it from the intact sponge-cells (but not from the chlorophyll cor- 
puseles etc). It was my intention to obtain in this way a me- 
dium (without the living sponge) for the chlorophyll corpuscles, 
differing as little as possible as to composition and concentration 
from that in the living sponge. When this medium had to be 
renewed, I could not make use again of pressed juice of a green 


sponge — for the chlorophyll corpuscles cannot be held, not even 
by filtering paper —; I then used the juice of a colourless 
sponge. 


In all these cultures appeared among a colourless, granular 
ground-substance formed by sponge-rests, besides a great many 
chlorophyll corpuscles, of course also some other organisms (algae, 
protozoa, bacteria); so they were not pure cultures. To this fact 
I owe many interesting data concerning the influence of such 
organisms on a culture of my chlorophyll corpuscles. 

Nevertheless, I have tried in several ways to get really pure 
cultures; but always in vain. In the first place in the way in- 
dicated by Brisertnck (4) for algae in general, the so called ge- 
latine-method. As I did not succeed in applying this method to 
the chlorophyll corpuscles — as little as Brrerinck — I will only 
mention it in short: Before little colonies of the green chloro- 
phyll corpuscles could be detected, the gelatine was always en- 
tirely liquefied. I tried to suppress the development of bacteria 
and mould in the originally sterile, neutrally reacting gelatine 
by adding citrie acid or sugar to it and by infecting with traces 
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of a culture of chlorophyll corpuscles; but I did not succeed. Next 
I tried to pick up a single chlorophyll corpuscle from a drop of 
water by means of SCHOUTEN's apparatus, in order to transport 
it to the sterile gelatine. The apparatus, which proved good for 
bacteria, was of no use to me: in water the corpuscle sticks to 
the needle, but it immediately loosens when taken out; and my 
efforts to get a more appropriate form of needle-point were un- 
successful. 

So I did not get a pure culture of the chlorophyll corpuscles of 
the Spongillidae. But this was of no consequence to my research ; 
the ordinary cultures procured all results I wanted. 

Microscopic preparations. As I stated already in the Intro- 
duction, I did not use any other than living preparations; namely 
in two forms: 

1. Ravel preparations of a sponge tissue, or preparations of 
chlorophyll corpuscles from a culture, made on a glass-slide with 
a drop of the original liquid; the coverglass surrounded by 
vaseline in order to entirely separate the preparation from the 
outer world. 

2. Sponges grown on coverglass. These preparations, in which 
I observed many important phenomena in sponge life, were made 
in the following way: A branch of a Spongilla — Ephydatia is not 
appropriate for the experiment because of its slow growth — is 
cut at full length in two, and each half is divided again into short 
pieces of 1 c.M. Each piece is then put on its long flat side on 
a large coverglass into an aquarium. When kept quiet, these little 
sponges will then soon attach themselves with this side (the wound 
side) to their glass; while a thin membrane of newly formed 
sponge-tissue will even extend from each old sponge piece as a 
centre over the coverglass (Fig. 3). This membrane thickens ac- 
cording as it is growing older. In a week’s time we then possess 
in this membrane a wholly intact, normally living 
sponge preparation, fit for microscopic examination even 
with an oil-immersion! To that purpose we put the cover- 
_ glass, the sponge at the underside, on glass feet into a glass vessel 
filled with water, so, that the upperside of the coverglass remains 
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on the surface of the water and the whole can be placed on the 
table of the microscope. If we renew the water now and then, 
and if, after examination, we put the preparation back into 
the aquarium, we can observe this living tissue under wholly 
normal conditions for many hours, on several consecutive days. 

Microscopising. All my microscopic examinations were made in 
an ENGELMANN case, with the help of Zetss’s eye-piece n°. 4 
and a most excellent specimen of a Lerrz '/,, oil-immersion. This 
last lens gave even better results than the precious apochromatic 
system of Zeiss (with compens. eye-pieces). 

The estimating of the number of chlorophyll corpuscles, etc. in 
a preparation. I often had to know — for the sake of mutual 
comparison — the absolute number of, for instance, the various 
green and colourless chlorophyll corpuscles in a same volume of 
several sponges, or in a certain volume of several cultures. If 
I had wished to count these corpuscles, it would have required 
a suspension — adequate to counting as for exactness — of equal 
volumes of sponge-tissue (or culture) in the same quantities of water ; 
otherwise the exact method of counting would have been worth- 
less. But of course, we cannot obtain equal volumes of sponge- 
tissue or culture, nor a really equal suspension; while, also, 
counting would have proved a very tiresome work. | 

I therefore always took, by means of pincers from a sponge 
or with a pipette from a culture, quantities of the material as 
equal as possible, and spread it out on a glassslide, while parts 
of the skeleton were removed. Then the coverglass was pressed 
in an always equally strong way, the superfluous liquid sucked 
up, and the coverglass surrounded by vaseline; next I estimated 
under oil-immersion the number of the various chlorophyll cor- 
puscles present in the whole microscopic preparation, consequently, 
present in an almost equal volume of each sponge or of each 
culture. This method, always applied in the same manner, gave 
rather good results, as Table n°. 4, 6, 8 show; besides, the dif- 
ferences, I wanted to know, were generally considerable enough. 
So this method of estimating was in all respects preferable to 
counting, which would have led to an imaginary exactness only. 


14 


The degrees of numerousness, used for estimating, are the fol- 
lowing (arranged according to the increasing number): 


I  =chlorophyll corpuscles absent in the preparation. 

ie # 5 VOT Y TALEN 5 „5 viz. 1—4. 

WI 5 st rare ee yt » ; in some fields 1. 
IV 7 ie PAGEL rarek c, aes 

MPU Ae x , here and there, , oe 

VL == some chlorophyll corpuscles present in the preparation. 

VII = several 5 En 5 5 nsi meveryheld 
VIII = somewhat more „ a fs Wat lapse [+ 3. 
IX == rather numerous, a os Brak nee 

X = numerous 5 a ite evant 

XI = very numerous „ : Shae geht te ee 

KIT a mass of : a pl » » „5 the fields fill- 


ed up with them. 


It goes without saying, that the limits between these different 
degrees may not be considered as having been strictly indicated. 

In the same way were examined for many sponges: the num- 
ber of oildrops — present in a preparation or in an amoebocyte 
—, the number of globules of carbohydrate (coloured by I) — 
present in an amoebocyte —, and the number of amoebocytes — 
present in a preparation —; here too the same degrees were used. 

One should, however, not try to compare these numbers 
(I—XI]I) mutually in the different groups (that of the chlorophyll 
corpuscles, of the oildrops, of the globules of carbohydrate, and 
that of the amoebocytes) too exactly. — Besides, there will never be 
any reason to do so. — So, for instance, one should not consider 
a number of chlorophyll corpuscles in a preparation, indicated 
by X, as being exactly the same as a number of amoebocytes 
also indicated by X. These degrees of numerousness may only 
be directly compared within each group; while for the groups 
mutually this only counts in a very limited way. This is inevi- 
table, when using the method of estimating the number: for 
our estimation is involuntarily influenced by the extent of the 
corpuscles the number of which must be estimated, and by the 
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space in which they oocur, as well as by their greatest number, 
we know as normally occurring within that space. But, as men- 
tioned above, we will never have to compare mutually direct 
the numerousness in the different groups (that of the chloro- 
phyll corpuscles, that of the oildrops, etc.), but only the chan- 
ges of number — i.e. the increase or decrease — in the 
different groups mutually. That can always be done, of course. 


RESEARCH. 


A. THE CHLOROPHYLL OF THE FRESH-WATER SPONGES. 


I. How AND WHERE THE GREEN COLOURING-MATTER OCCURS. 


Spongilla lacustris and Ephydatia fluviatilis — the only fresh- 
water sponges I am going to treat in this paper — occur in our 
country in a green and in a colourless form; between which, 
however, exist many intermediate tints from emerald-green to 
creamy-white. But a newly caught specimen never shows any 
of these colours purely; for, in consequence of its growth in the 
more or less dirtied water of our canals and lakes, the sponge 
tissue is so overloaded with particles taken from the water, 
that the colour may have taken a dirty-brownish tint. The green 
sponges do not show this very clearly, but creamy-white speci- 
mina are even never to be found: they are always gray-brown 
in different variegations. I therefore think that all the different 
colours of the fresh-water sponges mentioned in literature (eme- 
rald-green, green, brown, yellow-brown, flesh-coloured, gray, 
dirty-white, white) are simply to be reduced to the principal 
colours (grass-)green and creamy-white with their intermediates, 
while the others can be explained as having been caused by the 
dirtied water, in which the sponges were living. 

I conclude this from the following facts: 1. I collected my 
sponges in a moor-lake, with pale brown coloured water, contain- 
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ing numerous brown particles. 2. Generally not the whole (green 
or colourless) sponge had such a dirty tint — at least not Spon- 
gilla. As one knows, this sponge grows on stones or wood as a 
thin crust, from which long (10—20 e.M.) finger-shaped branches 
proceed; contrary to Ephydatia, which generally forms flat 
cushions with but little elevations. Of course, the growth of Spon- 
gilla chiefly takes place at the end of the branches, and is rather 
quick. But then it is obvious that the tissue of such a region, 
where the cells are rapidly dividing, can not possibly have the 
same degree of dirtiness (by particles from the water) as an older 
not growing region. And besides, in young tissue there are no 
flagellated chambers; so there the possibility of taking particles 
from the water is, of course, considerably reduced. This proved 
to be the case. In summer, when Spongilla is growing quickly, 
it generally shows brightly (not dirty) coloured tops, */,—!/, ¢.M. 
long; which, however, in specimina from cleaner water contrasted 
much less distinctly with the older tissue. 3. When such a sponge 
(with bright coloured tops on dirty-brownish branches) was put 
into an aquarium filled with water from the conduit, all the 
difference in colour between the tops and the older tissue had. 
disappeared within a few days; also this last tissue had got a 
bright colour, whether it was green, creamy-white, or an inter- 
mediate. This tissue, originally loaded with brown particles, then — 
proved under immersion to contain almost none. 4. Something 
the like can be said of Ephydatia. 

So the two chief forms of Spongilla lacustris and Ephydatia 
fluviatilis are a grass-green (Fig. 1) and a colourless (creamy-white) 
one (Fig. 2). 

I am going to treat the. green form first. 


The sponge owes its green colour to numerous little green cor- 
puscles present in its tissues, especially in amoeboid cells (Fig. 69), 
which for shortness’ sake~I shall indicate with the common name 
of amoebocytes. (As for the different cell-forms in the fresh-water 
sponges, see WELTNER (68) 1907). T'hese amoebocytes crowded with 
the green corpuscles form the greater majority of the sponge cells, 
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spread all over the body in the parenchyma, so among the meso- 
gloea (intercellular substance, ground subst. ')). (As for their great 
importance in sponge life, see WELTNER (l. ce.) and Mincuin (45) 
p- 57—60). The green colour grains are mostly lying free in 
the protoplasm (of the amoebocytes), only seldom in a vacuole. 
In fig. 4 such an amoebocyte is represented in the form I so 
often observed, when wholly isolated from the sponge-tissue and 
attached to the coverglass in my living preparations of tissue. 
It then seemed entirely ,vacuolized”. However, I don’t think 
these open spaces to be real vacuoles belonging to the cell. (See 
Appendix, ITI). 

Besides in these amoebocytes, the green corpuscles also occur 
— but much less numerous — in the pinacocytes of the inner 
and outer surface of the sponge body, in the choanocytes of the 
flagellated chambers, and finally in the intercellular groundsubstance. 


II. THE BEHAVIOUR OF THE GREEN COLOURING-MATTER. 


We now have to examine of what the green corpuscles of the 
sponge cells consist; in other words, we have to prove that the 
material of yhich the corpuscles consist is morphologically and 
physiologically identical to the chlorophyll, that we know from 
the plants. SorBy (54), LANKESTER (35) and BRANDT (8) have 
already studied this problem. SorBy and BRANDT compared the 
spectra of solutions of the green sponge colour, obtained in dif- 
ferent ways, with the corresponding solutions of vegetable chlo- 
rophyll; in this way the identity of the spectra was stated. 
LANKESTER compared the structure; and concluded, that the simi- 
litude in form and structure proves the absolute identity of the 
green corpuscles of the sponges to that of the plants. 

As regards the physiological identity, we don’t possess any deci- 
sive proofs at all; though this only should give the decision! In 
the first place we have to show that the green corpuscles pro- 
duce O, when exposed to light, and in the second place, that in 


1) For this, see Appendix, I. 
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light they also photosynthesise (produce carbohydrate or oil). This 
having been established, we are justified in declaring — in 
connection with the points of similitude already known — that 
the green colouring matter of the sponges is chlorophyll. I have 
been able to procure both proofs. 

1. In order to prove the production of O, in light, I proceeded 
in the following way: . 

a. I cut two equal pieces from a branch of a green Spongilla, 
and an equally large piece from a _ colourless one. These 
pieces were put separately — without having been taken out of 
the water — into glass vessels, filled with water from the con- 
duit, under inverted funnels and tubes, etc. (see Table 1c). One 
green piece and the colourless one were placed into bright day- 
(evt. sun-)light, the other green piece, however, on the same spot 
in darkness. At first no gasbubbles were to be found anywhere 
in the vessels; but at the end of the experiment the green sponge 
piece, exposed to light, showed numerous rather large bubbles, 
as well at the outside as within its tissue, and the funnel con- 
tained a lot of them. The green sponge in darkness and the 
colourless one in light, on the contrary, didn’t show any; except 
a few bubbles inside and outside their funnels, evidently formed 
by air from the water. I have repeated this experiment several 
times, always with the same result (Table la, b): only the green 
sponge, when exposed to light, formed gas-bubbles, the green 
sponge in darkness did not, nor did the colourless one in light. 
The quantity of gas produced, however, was always too little for 
a determination. Yet it is almost beyond doubt, that it has been O, '). 

b. Witson (70) and Mürrer (46) stated the fact, that rubbed 
sponge material can regenerate to new sponge globules, able to 
develop themselves almost in the same way as the gemmulae of 
the fresh-water sponges. Now, I put equal quantities of such 
globules originating in one green Spongilla, into 12 little glass 
vessels of the same capacity, filled with water and covered with 


1) According to Branpt, Hoae stated already in 1840 the rising of gasbubbles 
from a Spongilla exposed to sunlight. 
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glass plates. One half of these vessels was exposed to daylight, 
the other kept in darkness (at the same temperature). After a 
week’s time the sponge globules in all 6 vessels, which had been 
exposed to light, appeared to be still intact, while those kept in 
darkness proved to be intact in 2 vessels only, but wholly de- 
stroyed in the other 4. These observations make us think of a 
production of O, by the globules in light. This is the more evi- 
dent, when we consider that entering of O, from the air into 
the vessels was almost completely prevented by their glass covering. 

c. To ENGELMANN (18) we owe the bacteria-method, that enables 
us to detect the production even of traces of O,. It is based, as 
one knows, on the fact, that many bacteria are brought to vio- 
lent motion by the mere presence of but traces of O,, while in 
lack of O, they get at rest. To prove this production of O, by 
the green corpuscles of the Spongillidae, I proceeded as follows: 
On the surface of an algal-culture I found a membrane of moving 
bacteria, from which I grafted a little on peptone-gelatine. So in 
a few days I got a sufficient quantity of the bacteria. I then 
ravelled a piece of green Spongilla on a glass slide, etc, etc. (see 
Table 2). After the preparation had been kept in darkness for !/, 
of an hour, the bacteria were accumulating and violently moving 
round the air bubbles, but elsewhere they had almost got at rest. 
This proved that here we had to do with bacteria sensitive to 
O,, as we wanted. After another period of darkness of °/, of 
an hour, the movements round the air bubbles also almost had 
stopped. When, next, the green sponge preparation was exposed 
to light, we could observe under the microscope that, little by 
little, the movements of the bacteria were resumed all over, till 
the original intensity was reached. We might repeat this ex- 
periment numerous times, always with the same result (see Table 
2): in darkness the movements stopped, in light they were 
resumed. Accordingly, the preparation proved to contain many 
_amoeboeytes crammed with green corpuscles, and numerous of 
those corpuscles isolated. So these last ones produced in light 
the O,, necessary for the movements of the bacteria. 

I made this experiment with several preparations, also from 
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Ephydatia and always with the same result. But now the contra- 
experiment (Table 2)! When I proceeded with a colourless sponge 
in the same way as described for a green one, I found that, 
after exposure to light, the movements were not resumed by the 
bacteria. Accordingly, the preparation of the colourless sponge 
proved to contain no green corpuscles at all, neither isolated 
nor in amoebocytes. I repeated this experiment also several 
times. 

I think to have given in these experiments the decisive proof, 
that the green corpuscles of the ee a produce O, in light, 
but not so in darkness. 

2. Now we have to show the photosynthesis (production of carbo- 
hydrate or oil) of the green corpuscles in light '). In the first 
place I should mention that in fact most corpuscles show one — 
sometimes more — drops of oil, but never any carbohydrate 
(pag. 25). To prove their preduction, I proceeded as follows (Table 3): 
Preparations were made from a light-green Spongilla (grown in 
twilight and afterwards, kept for some time in darkness) in a 
darkroom by candle-light. One half of them was immediately put 
into complete darkness, while in the other ones the percent of the 
isolated green corpuscles containing an oildrop was examined 
(Table 3c.). This proved to be 42°/,. These preparations were 
then exposed to tempered day-light. Now we see in the table 
that in two days the percent rose from 42 to 79, but that 
in the preparations in darkness it remained 35. Then being ex- 
posed to day-light for two days, the latter too showed a rising, 
namely from 35°/, to 78°/,; while at the end a percent of 
+ 90 was reached in all preparations. I could also observe that 
the oildrops of the corpuscles, which had been exposed to the 
light for a longer time (so in culture n°. 396 a—d) were larger. 
So it is clear, that the green corpuscles of the Spongillidae 
photosynthesise oil in light, but not so in darkness. 1 have re- 


1) It seems that BRANDT (l.c.) has observed this for Spongilla; he at least men- 
tions that the isolated corpuscles remained alive for weeks, ,,according to their pro- 
ducing assimilates’. But he doesn’t give more about it; and where he should have 
treated the phenomenon more extensively, he does not mention it at all. 
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peated this experiment several times (Table 3 a. b.); always with 
the same result. 

It appeared to me, that the oildrops are formed much more 
quickly, when the green corpuscles are exposed to light after 
having been kept — as a preparation — for some weeks in 
darkness: in that case the percent rose in half an hour from 
88 to 70. This short exposure to light seems to have extended 
its influence also to later on; at least in darkness the percent 
rose up to 88. This is not inconceivable. The oildrops, once 
having been produced, seem to be used but very slowly by the 
corpuscles — even in darkness — (Table 3 a, n°. 163; 3 b n°. 210). 
These two cases are by no means the only ones; I have sometimes 
been able to state that most green corpuscles of a culture, after 
a period of 6 months in darkness, still contained a drop of oil. 

Finally I have been able to directly observe the forming of 
an oildrop in a green corpuscle, which at first contained none 
at all. The colour grain had not been kept in darkness; so the 
forming did not proceed so quickly: the first appearance was 
made after 3 hours of exposure to light, a real oildrop only to 
be seen after 21 hours. | 


So we have proved the identity of the green colouring-matter of 
the Spongillidae to the chlorophyll of the plants by physiological 
arguments. We may now speak of the chlorophyll, the chloro- 
phyll corpuscles of these sponges. 


III. THE NATURE AND STRUCTURE OF THE GREEN CHLOROPHYLL 
CORPUSCLES. 


As I stated in the Introduction, the results of BRANDT (8, 9) 
concerning the nature of the chlorophyll corpuscles of the fresh- 
water sponges are quite different from those obtained by Ray 
LANKESTER (35) and Geppes (21, 22). BRANDT concluded that 
these corpuscles were algae, LANKESTER and GEDDES however, 
that they consisted of chlorophyll formed by the sponge itself 
as an inherent part of its cells. 
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I am now going to treat in short the arguments of BRANDT. 
In the following points he gives the chief differences between 
chlorophyll corpuscles and algae: 


a 


chlorophyll corpuscles algae 
parts of cells cells by themselves 
consisting of groundsubst. + | consisting of chlorophyll + un- 
chlorophyll coloured protoplasm. 
never a nucleus present always a nucleus present 
no cellulose membrane generally a cellulose membrane 


not able to live by themselves | able to live by themselves 


Then Branpt examines, which of these two series may be 
applied to the chlorophyll of the Spongillidae (and of the other 
chlorophyll containing animals). That is to say, he extensively 
discusses the investigation of Hydra viridis, and for Spongilla 
he refers to the results obtained in Hydra; in his way however, 
it remains somewhat doubtful what BRANDT exactly stated for 
Spongilla. For the corpuscles of Spongilla he especially de- 
scribes: 1. Generally a through-shaped chloroplast and hyaline pro- 
toplasm. 2. A nucleus, that could be recognized very distinctly 
by means of haematoxylin or magdala. 3. A diameter of 1.5—3 g. 
4, After having been isolated from the sponge-cells, they re- 
mained normal and alive for 3—4 weeks. 5. Sometimes they then 
seemed to have multiplied (but this required closer examination). 
6. Green corpuscles of Spongilla, added to a culture of unco- 
loured specimina of Stentor coeruleus were ingested by these, 
but not digested nor ejected; so it proved to be possible to graft 
these corpuscles. 

I have some remarks on these points: 1. The nucleus. As said 
before, BRANDT discusses Spongilla very briefly only and for de- 
tails he refers to the description of Hydra. In that description 
is mentioned, that in all corpuscles (after having been stained 
with haematoxyline) one or two, sometimes more, violet, round 
or somewhat irregular spots could be distinguished; BRANDT 
declares them to be nuclei. They were solid corpuscles, but their 
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more detailed structure could not be examined because of the 
small dimensions. Now I can not deny the possibility of their 
being really nuclei; but to me it seems rather premature to 
simply declare one, two or more, somewhat irregular spots to 
be nuclei, on the mere account of being stained violet by hae- 
matoxyline. One will agree with me, after having read my own 
observations (pag. 25—26). 2. The grafting. BRANDT’s words are: 
„Die Stentoren nahmen die grünen Körper alsbald in grosser 
Menge auf und stiessen sie weder aus, noch verdauten sie die- 
selben. Sie blieben auch dann grün, als Hr. K. sie für mehrere 
Stunden in reines Wasser setzte”. I must remark that, if the 
Stentores have not been observed for more than some hours, this 
experiment does not sufficiently prove the possibility of grafting 
the green chlorophyll corpuscles. 

Next we get to LANKESTER’s quite opposite view. The latter 
says to be convinced (by his morphological investigations), that 
in Spongilla the chlorophyll is present in corpuscles which are 
entirely identical to those of the plants, and formed, just as these, 
by the protoplasm of the cells in which they occur: 1. A nu- 
cleus can never be shown. 2. When the containing sponge cells 
are destroyed the isolated chlorophyll corpuscles remain intact 
(also in plants). 3. It then appears that some protoplasm adheres 
to every corpuscle; a fact which can be explained in this way, 
that, when the amoebocytes are destroyed, a lump of protoplasm 
sticks to each chlorophyll corpuscle; accordingly, there is no 
differentiation of a mass of protoplasm belonging to every chlo- 
rophyll corpusele to be seen in the intact amoebocyte. 4. It was 
not possible to discover amylum (by means of I.) within the cor- 
puscles, but it could be done in other parts of the amoebocytes. 
5. By lack of sunlight Spongilla remains colourless; it proves 
that in the otherwise green cells there are then colourless grains, 
which appear to be chlorophyll corpuscles in a somewhat abnor- 
mal condition. LANKESTER thinks it impossible to consider these 
colourless grains parasitic algae, ready to change into green ones 
by the action of sunlight. (Finally LANKESTER critisizes BRANDT’s 
conclusions, which criticism BRANDT (9) treats in his turn.) 
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Also on some of these points I have a few remarks: 1. A nu- 
cleus could never be found. But we should consider — BRANDT 
mentions it too — that LANKESTER never used BRANDT's staining 
method but always picro-carmine only. 2. No differentiation of 
protoplasm belonging to each chlorophyll corpuscle could be seen 
in the intact amoebocyte. That is absolutely inexact; to me the 
contrary proved to be the case. 

I am now going to show, by decisive proofs, that the chloro- 
phyll corpuscles of the Spongillidae are real algae associated in 
»symbiosis” to the sponge, just as BRANDT declared. For that pur- 
pose I will make use of two sets of proofs, one being morpho- 
logical, the other physiological. | 


a. Morphological proofs; description of the structure 
of the green chlorophyll corpuscles. 


I am going to treat the living green corpuscles of Spongilla 
only, as those of Ephydatia are quite the same. 

1. Protoplasm and chloroplast. The shape of the corpuscles is round 
or somewhat oval; the diameter 1.7—3.8 yw, generally 2—3 w. Under 
oil-immersion we observe that in most corpuscles the green chloro- 
plast takes exactly one half of the body, the other half con- 
sisting of uncoloured protoplasm (Fig. 5). The separating line 
between chloroplast and protoplasm, which in oval bodies is always. 
situated along the longest axis, may be bent a little. But there 
are also numerous corpuscles with differently shaped chloroplasts 
(Fig. 12—16, 23—24, 30), generally taking more than one half 
of the corpuscle; or even two chloroplasts in one corpuscle. The 
mutual relation between these different forms will be discussed 
afterwards. It is a matter of course that one same chlorophyll 
corpuscle, seen from different sides, will show different aspects; 
so Fig. 24 and 30 give an aspect of Fig. 13, and Fig. 23 an aspect 
of Fig. 5 and 12—15. The protoplasm of the corpuscles appears to 
be more or less hyaline, not completely homogeneous, but usually 
containing some diffuse, darker spots (Fig. 5). The chloroplasts, 
on the contrary, appear to be completely homogeneous; their 
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colour is green. All this concerns the isolated chlorophyll cor- 
puscles as well as those lying in amoebocytes. 

2. Enclosures. Very often the protoplasm contains one, some- 
times more, refractive globules, 0.4—1 in diameter, which appear 
blue-green when the microscope is well adjusted (Fig. 5). Some- 
times one can also find them within the chloroplast. These glo- 
bules are not stained by I (in KI sol.); but by sudan [II (in 
ale. sol.) they become red, and gray-black by osmic acid. So they 
are fat-globules, better: oil-drops '). No other enclosures were 
ever to be found within the chlorophyll corpuscles (except, of 
course, what is mentioned sub 3 and 4); so no carbohydrates: 
I (in KI sol.) caused only a diffuse brown-colouring of the 
whole corpuscle, but nowhere any special colouring. A 

3. The nucleus and pyrenoide. As I have mentioned already, 
the chloroplasts are entirely homogeneous; a pyrenoid was never 
to be found. But now the nucleus! If one stains chlorophyll 
corpuscles, killed with formol-alcohol (1 p. form. 40°/, +9 p. ale. 
64°/,) and which have lost their green colour, with methylene- 
blue, one will often find in them one or more sharply outlined, 
refractive, blue globules and sometimes a more diffuse blue spot. 
The sharply outlined blue globules (Fig. 38, 39) are doubtless 
the originally blue-green oildrops, still occurring in the unstained 
matter as well. By their refraction they simply concentrate 
the pale-blue light in the field of the microscope, in the same 
way as drops of ceder-wood oil do in a solution of methylene- 
blue in water. Perhaps the more diffuse blue spots might be 
nuclei; they are smaller than the preceding ones and are always 
situated near the middle of the corpuscle (Fig. 40, 41). When 
the same material is stained with haemateine-eosine (DE GRAAF), 
the oil-drops remain uncoloured, viz. blue-green; but sometimes 


1) In consequence of the very small dimensions of those globules it may sometimes 
be difficult to detect their red or gray-black colour; when comparing them however 
with normal (not stained) globules, the difference is always distinctly marked out. For 
comparing one should also stain other’ fat-globules, for instance milk, with the same 
substances; one will see then, that only the larger globules have a bright red or a 
dark gray-black colour, but that the colouring of the globules, having the same dia- 
meter as our oildrops, is just as weak. 
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a corpuscle may be found containing a dark violet-red spot in 
the same situation as the spots coloured by methylene-blue. I 
stained the material, killed with formol-alcohol, also with haema- 
toxyline, just as BRANDT did; then the oil-drops appeared to be 
coloured somewhat violet — in this case not by concentration 
of the light in the field of the microscope —, while sometimes 
chlorophyll corpuscles were te be found containing a violet spot 
in the same place, where it was in the other stainings. But 
there were also specimina containing numerous spots, even irre- 
gular violet lines (Fig. 42). The same result was obtained by 
staining of the material (with haematoxyline) when killed with 
ZENKER’S liquid. 

These results prove, that it is not impossible that those more 
diffuse, centrally situated, little spots are real nuclei. Against this 
view, however, speaks the following: 1. these spots were but 
seldom to be found in a corpuscle; 2. in other cases the cor- 
puscle contained numerous of those spots and even irregular lines 
with exactly the same (violet) colouring. One might rather think 
them to be accidental colourings of arbitrary enclosures of the 
protoplasm (conf. the oildrops). Consequently, I do not venture 
to settle the question of the presence of a nucleus in the chloro- 
phyll corpuscles. 

When now we compare my results with those of BRANDT, 
there is very much conformity in the facts stated; and only a 
difference on the chief point of the frequency with which the 
so called nuclei occur. BRANDT found them in all corpuscles. 
Now I suppose that BRANDT, who never mentions the oildrops 
in the corpuscles, evidently does not know them, simply has 
always considered these also somewhat violet coloured oildrops as 
nuclei, as well as the diffuse spots. In this way it is possible 
that he found all corpuscles containing a nucleus. 

4, The cell-wall. Only one decisive way exists for domouatatna 
a cell-wall: by means of plasmolysis. I therefore put the isolated 
green corpuscles for many hours into a solution, which I had acci- 
dentally at hand, viz. that of pag. 10, I (inorg., in concentration X 
50). The plasmolysis could be observed very distinctly on many 
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specimina; the cell-wall appeared as a very thin line without any 
perceptible thickness (Fig. 6—11). 

Herewith the description of the structure is finished. We have 
stated that the green chlorophyll corpuscles of Spongilla are round 
or oval bodies, 1.7—35.5 ~ in diameter, surrounded by a cell-wall, 
and consisting of protoplasm and a chloroplast; while perhaps a 
nucleus is present, but a pyrenoide is absent. They inclose oildrops, 
but carbohydrates were never to be found within them. From 
these data we may conclude that, very likely, these chlorophyll 
corpuscles are vegetable cells. 

The structure of the green chlorophyll corpuscles of Ephydatia 
completely agrees with that of the corpuscles of Spongilla. So they 
too are vegetable cells. 


b. Physiological proofs. 


1. The green chlorophyll corpuscles of Spongilla as well as those 
of Ephydatia, isolated from the sponge tissues, can remain normal 
and alive for 6 months, and even longer. They were isolated and 
cultivated in the way mentioned above on pag. 9—11. I am 
not going to treat these cultures here, but I refer to the 
extensive culture-tables (Table 4) at the end of this paper. 

We know that, on the contrary, chlorophyll corpuscles isolated 
from plant-cells are not able to live on; as for instance they 
swell and are destroyed, when put into water (see BRANDT (8), 
‘Hueco pr Vries (63), Josr (33) Kny (34), ete.). 

2. The isolated green corpuscles of both sponge types multiply 
rather strongly in cultures, especially during the first 2 months; 
but stages of division are also to be found in cultures of 6 
months, even in those of 9 months (Table 4, 9, 10). I shall treat 
these stages afterwards. 

3. Green chlorophyll corpuscles, as we know them from the 
sponge tissues, also occur free in nature — viz. in the waters 
in which the sponges are living — so, not inclosed by other 
organisms, but quite independant. I found their number changing 
from at least 200 per litre in the beginning of March up to at 
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least 3700 at the end of July. Also stages of division occur free, 
quite identical to those of the corpuscles of the sponges (Table 10). 
The diameter of the single corpuscles may sometimes be somewhat 
smaller than that of those in the sponges, viz. 1.4—3 g; the oval 
shaped body may be lengthened. One may find the same forms, 
however, in old cultures of the isolated corpuscles of sponges 
too. Finally I will mention the fact that, free in nature, the cor- 
puscles often stick together in masses of 10—120 specimina. I will 
return to this subject later on. 

4. When the sponge dies its green corpuscles survive. : 

5. It proved possible to me to durably transmute colourless 
Spongillidae into the green form, by infecting them with green 
corpuscles isolated from a green sponge. Lateron I will treat the 
method, in which this infection is brought about, more extensively _ 
(Table 7).. Now I will mention only, that for that purpose the 
colourless sponges were placed for 3—72 hours into a diluted 
suspension of isolated green corpuscles in water; after that 
they were transported, either colourless or already light-green, 
into an aquarium filled with water from the conduit only and 
placed into day-light. The green colouring then proved, in the 
course of some weeks, not decreased at all; on the contrary, it was 
strongly increased; many sponges had obtained rather a normally 
green colour in a month’s time (see Table 8 N° 103, 207, 246, 
248, 254, 257, 258, 326, 327), and their amoebocytes proved to 
be normally laden with normal green chlorophyll corpuscles (pag. 
16—17). At the same time such colourless sponges, but without 
having been in a suspension of chlorophyll corpuscles, were —as 
a contra-experiment — also exposed to daylight in water from 
the conduit. These sponges got a faint green tint (colourless 
sponges always grow green in daylight; I will treat this after- 
wards), but in intensity their colour remained far behind that of 
the infected specimina (Table 8 n° 102, 206, 259, 328); proof, 
that the latter really owed their normal green colour to the 
infection with chlorophyll corpuscles, followed by the rapid mul- 
tiplication of these corpuscles. 

From these experiments we may deduce, that the green chlorophyll 
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corpuscles are organisms, on the one hand capable of living by 
themselves without the sponge body; on the other hand of accommo- 
dating themselves to the life within the sponge tissues, when taken 
from the surrounding water by the sponge. 


This result together with that of our morphological investigation 
justifies the conclusion: that the green chlorophyll corpuscles of 
the Spongillidae are algae, associated to the sponge in ,,symbiosis’’. 


IV. THE GENUS OF THE ,SYMBIOTIC” ALGA; ITS MODE 
OF REPRODUCTION. 


As I have mentioned already in the Introduction, the symbiotic 
alga of the fresh-water sponges is generally considered to belong 
to the genus Chlorella — e.g. by BEIJERINCK (4) 1890, OLTMANNS 
(47) 1905, Scuenck (56) 1908 and Witte (69) 1911 —. I am 
going to discuss the investigation of BrIJERINCK. This investi- 
gator says: | 

„Es dürfte nicht überflüssig sein, bevor wir weiter gehen, an 
dieser Stelle einen Rückblick zu werfen auf die durch die Cul- 
turversuche festgestellten Eigenschaften unserer Gattung Chlorella, 
sowie auf die dazu gebrachten Arten: 

Chlorella: Kinzellige, grüne, zu den Pleurococcaceeen gehörige 
Algen, mit kugeligen, ellipsoidischen oder abgeplatteten Zellen 
von 1—6 yw Mittellinie, gewöhnlich mit nur einem Chromatophor 
von der Gestalt einer Kugelsegmentschale; Pyrenoid undeutlich 
oder fehlend. Im Lichte entsteht unter Sauerstoffentwicklung aus 
Kohlensäure Paramylwm, welches sich mit Iod braun fürbt. Zell- 
kern meist einfach, bisweilen in Zweizahl, von wechselnder Grösse, 
nur aus Chromatin bestehend. Die Vermehrung beruht auf freier 
Zellbildung durch successive Zweitheilung. Die Theilproducte kom- 
men frei durch Platzen der Wand der Mutterzelle; sie können 
schr verschieden sein in Grösse ('/,—4 g.). Schwärmsporen fehlen 
vollständig. In süssem und salzigem Wasser, wahrscheinlich auch 
auf dem Lande.” 

Next BEIJERINCK describes the different species belonging to 
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this genus: 1. Chlorella vulgaris, 2. Chl. infusionum, 3. „Chlorella 
(Zoochlorella) parasitica BRANDT; Chlorophyll von Spongilla fluvia- 
tilis, vielleicht identisch mit Chl. infusionum und wahrscheinlich 
während des individuellen Lebens durch Spongilla von aussen 
aufgenommen. Isolirungsversuche nicht gelungen”. And at last: 
4, „Chl. (Zoochlorella) conductrix BRANDT ; Chlorophyll von Hydra, 
Stentor, Paramaecium und wahrscheinlich von vielen anderen grü- 
nen Thieren”’. 

In the first place I should mention the fact, that in botanical 
literature of modern times the Chlorellae are no longer reckoned 
among the Pleurococcaceae, but that Chlorellae and Pleurococcaceae 
are considered to be two entirely separated groups (see OLTMANNS 
(47) 1905, Wine (69) 1911, and this paper pag. 33—34). 

But when we compare the definition BrIJERINCK gives for Chlo- 
rella, and consequently for the symbiotic alga of the Spongillidae 
as well, with my observations concerning this alga, we are struck 
by the fact, that BeEIJERINCK mentions paramylum, coloured brown 
by I, to be a product of the photosynthesis, while, on the con- 
trary, I found oildrops and never any carbohydrate that could 
be stained by I. A thing of much more importance, however, is 
the entirely different mode of reproduction I stated. 


The mode of reproduction of the green algae of the Spongillidae. 
When studying the different forms of chloroplasts I immediately 
observed, that in cells with double chloroplast both halves of 
the latter were always symmetrically situated with respect to an 
imaginary axis of the cell (Fig. 16, 17a). I also often found two 
cells, each with a single chloroplast, which cells were connected 
one with the other along a short distance of their wall, while 
their chloroplasts were situated in the same way, now symme- 
trically with regard to the common cell-wall (Fig. 22a). Conse- 
quently, the last couple of cells seemed to be a stage of division 
of the first cell with double chloroplast. This proved to be really 
the case: once that my attention was drawn to this fact, I have 
observed numerous different stages of division (Fig. 17—22). Some- 
times I have also been able to follow the division of an alga — 
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at least for a part (Wig. 17a-c, 22a-c). This division always pro- 
ceeded very slowly; hours, even days passed before one could 
observe the slightest change in the division-stage. And this does 
not only count for specimina in ravel-preparations, but also 
for those that remained in absolutely normal conditions either 
within or without the tissues of a living sponge grown on cover- 
glass. It also proved probable to me that the algae, with the 
different shapes of the single chloroplast (Fig. 12—15) mentioned 
above (pag. 24), are all transitory stages from the alga with the 
primitive and most oceurring shape (in which the chloroplast takes 
exactly the one half of the body, Fig. 5) into forms with double 
chloroplast (Fig. 16, 17), so into stages of division. 

Knowing this, we may compose the following cyclus of develop- 
ment of the symbiotic algae of Spongilla; we place the primitive 
and most occurring form at the beginning and at the end: Fig. 5, 
12—16, 1va—ce, 18, 19, 20a—b, 21, 22a—e and Fig. 5 again. 

All illustrations of the symbiotic algae have been made with 
great care from living specimina, with oil-immersion and in ENGEL- 
MANN’s case. All these stages were found in cultures of the isola- 
ted algae as well as within the tissues of the sponges. 

I have still got to mention a few points somewhat more at 
large: 1. The stages of division were by no means always larger 
than the single ones; this is clear, for the single forms may greatly 
differ one from the other as to their dimensions. 

2. I call attention for the eccentric way, in which the sepa- 
rating wall in a mother cell is formed (Fig. 17b—c, 18, 29e). As 
one knows, the separating wall in algae, for instance in Spirogyra, 
is formed by a regular, concentric growth out from the existing 
cell-wall; the ring, formed in this way, closes more and more 
towards the middle of the cell, till at last it divides the cell 
body in two parts. I saw this but once in the symbiotic algae 
(Fig. 25). In all the other cases the forming took place by eccen- 
tric growth out from one side of the mother-cell-wall, while 
the separating wall penetrated more and more into the cell till 
at last it reached the opposite side (of the mother-cell-wall). It 
is a phenomenon comparable to the one stated by TreuB (57a.) 
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on cell divisions in seed-buds of Epipactis palustris. Probably in 
direct relation to this eccentric manner of cell division are the 
facts, that the separating wall is generally thicker at the base 
than at the top, and that both halves, the chloroplast has already 
divided into before, diverge more on the side where the separa- 
ting wall will start (or started) than on the opposite side (Fig. 17a—e, 
18, 29). In the one case of concentric division which I observed 
these phenomena, accordingly, did not occur (Fig. 25). 

3. I want to mention a phenomenon that is only to be seen 
on very accurate observation. From the apical end of the sepa- - 
rating wall, when growing, a very thin line is extended to each — 
of both halves of the chloroplast (Fig. 26—29). These lines are 
thinner than the separating wall itself, and evidently move on 
through the whole cell with the growth of this wall. In con- 
nection with the facts in Spirogyra, one might be inclined to 
consider these lines as threads of the nuclear spindle; which 
spindle will then move from one side of the cell-wall to the 
other, according as its forming of the separating wall proceeds; 
therefore, something like Treus stated in Epipactis. But I can | 
not say this for certain, for I don’t possess any observations as 
to the nuclear division. 

4. When studying these stages of the algae in division, one 
should take care not to confound simple figures caused by the 
diffraction of the light with real cell structures; one is apt of 
doing this on account of the very small dimensions of the chlo- 
rophyll corpuscles. These figures, however, are easily to be re-: 
cognized, as they are always parallel to the cell-wall or outline 
of chloroplast. 

5. I could never detect any trace of a membrane 
surrounding — as if it were a mother-cell-wall — 
a stage of division as for instance Fig. 20, 22 and 27 show; 
although I have always accurately examined. 

The chlorophyll corpuscles in the amoebocytes are nearly al- 
ways turning slowly; one time one can observe such an alga 
from this side, next from that side; a thing of much importance 
when studying stages of division, In this way the following 
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aspects of one and the same dividing alga were observed: Fig. 
29 a—d. In a the alga is seen exactly at the least bent part of 
the wall (= 0 seen from aside); in b the alga is seen on the top 
(=a on top); in ¢ in a position between a and b; and ind more or 
less from below (=a in slanting upward direction). This alga 
with its surrounding amoebocyte has been observed for 14 hour. 

It is a matter of course that I observed a great many of those 
stages of division, much more than have been drawn here; they 
were all like these; I will only add Fig. 31. 

Besides these double-stages, there also occur plural-stages of 
division, but much less numerous (Fig. 32—34). 

What I have mentioned here about the cell-division for the 
chlorophyll corpuscles of Spongilla concerns also the symbiotic 
algae of Ephydatia as well as the similar algae, which occur 
free in nature. 

As I stated above, free in nature these algae often occur 
sticking together in groups of 10—120 specimina, sometimes sub- 
dived in small groups of 4 specimina. Evidently we have to do 
then with the result of 2 successive divisions of a single cell. 
Moreover, one may sometimes find the algae of one group (of 
10—120) in almost the same stage of development; so, probably, 
all of them originating in one cell. Neither the smaller groups 
of 4, nor the groups of 10—120 pieces are ever to be found 
surrounded by a common membrane or wall. Nevertheless, the 
(round) corpuscles often obstinately stick together, when we try 
to separate them; so, apparently, they are kept together with 
a kind of slimy substance. 

So we have stated, that the green symbiotic alga of the Spon- 
gillidae multiplies by simple, vegetative division of the whole 
mother-cell (into two), the new separating wall sticking to the 
mother-wall and, consequently, also dividing the latter (into two). 
So there exists here no cell-division within, and independent of 
the mother-cell-wall, therefore no „freie Zellbildung”. 

Thus the symbiotic alga does not at all answer the definition 
given by Butsertnck for Chlorella; neither the definition given 


_for Chlorella in modern literature — GrinzEsco (24) 1903; Orr- 
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MANNS (47) 1905; Wirre (69) 1911 —: Chlorella possesses a bell- 
or ball-shaped chloroplast and multiplies by „freie Zellbildung”, 
the daughter-cells surrounding themselves within the mother-cell 
each with its own membrane arisen quite independently from the 
mother-cell-wall. Consequently, they are lying free within this 
old wall and get at liberty by its bursting or early dissolving. 
So they are aplanospores; zoospores and sexual reproduction are 
absent. A nucleus is present. A pyrenoide may be absent. The 
product of photosynthesis is starch, oil or glycogen. 

On the contrary, the symbiotic alga answers exactly the defi- 
nition given in literature — Gay (20) 1891; Arrarr (1) 1892; 
Cuopat (11) 1894; OrrTMANNs (47) 1905; Witte (69) 1911 — 
for the Pleurococcaceae: The Pleurococcaceae possess a disc-shaped 


chloroplast and multiply by simple vegetative division of the whole 
mother-cell (into two); the new wall, forming a partition in the 
mother-cell and sticking to the existing wall, divides this one 
as well (into two). So they do not multiply by „freie Zellbil- 
dung’. Zoospores, aplanospores, and sexual reproduction are 
absent. A nucleus is present; a pyrenoide may be absent (Pleu- 
rococcus vulgaris). The wall is not so very thick, or thin (Pleu- 
rococcus vulg.). A jellied envelope is present, but in the genus 
Pleurococcus rather indistinct. The product of photosynthesis is 
starch or oil (the latter in Pleurococcus vulg. and others). The 
algae live in the air or in fresh-water. The diameter of Pleuro- 
coccus vulg. is 3 --7 u. 

Now, my description of the symbiotic algae of the Spongillidae 
I examined (pag. 24—27, 30—33) entirely corresponds with this 
definition of a Pleurococcus (except that the nucleus has not yet 
been sufficiently demonstrated in the symbiotic algae). I therefore 
consider these algae to be a form closely related — if not identical — 
to Pleurococcus vulgaris NarGeur. It is only in dimension that both 
algae differ, the symbiotic one being 1.7—3.8 g, Pleurococcus 
vulg. (according to ARTARI)!) 3—7 u. One might call the first 
Pleurococcus parasiticus. 


1) ArTArr calls it Pleuroeoec, vulg. Menecu. 
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I should mention, however, that it might be possible, that our 
fresh-water sponge will associate with quite different unicellular 
algae in other countries, as I will point out afterwards (at the 
end of chapt. VIII and chapt. IX). 


V. GREEN AND COLOURLESS FRESH-WATER SPONGES; UNDER WHAT 
CIRCUMSTANCES THEY OCCUR; THE NATURE OF THEIR 


»SYMBIOTIC” ALGAE. 


When we examine under what circumstances the fresh-water 
sponges occur, we find that, generally speaking, the green spon- 
ges grow on places exposed to bright day-light — for instance on 
the wooden lining of the lake bank —; the colourless sponges, 
on the contrary, on places in darkness or in twilight — for instance 
under bridges and landing places of steamers —. 

One might ask if the green and the colourless form could 
not be two separate varieties of the sponge. This is not the case; 
for, as I will mention afterwards, green sponges prove to grow 
colourless in darkness and colourless ones prove to grow green in 
light (Table 8, p. 66), while moreover one may often find in nature 
specimina partly green and partly colourless. 

I analyzed on a large scale the number and nature of the 
symbiotic algae in fresh-water sponges by means of ravel prepa- 
rations (Table 6 A, C). In that table (column 1 and 3) we see: 
1. In the green sponges in light as well as in the colourless ones 

in darkness green as well as colourless chlorophyll corpuscles 

(algae) occur. 

2. In the green sponges the green corpuscles are much more 
numerous than in the colourless ones. 

3. In the green sponges the colourless corpuscles are somewhat 
less numerous than in the colourless ones. 

4. In the green sponges the colourless corpuscles are much less 
numerous than the green ones; in the colourless sponges they 
are just as numerous or still somewhat more numerous. 

I am speaking here about colourless chlorophyll corpuscles, in 
other words, about a colourless form of the symbiotic algae. This 
requires further explanation. 
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As mentioned in the Introduction, LANKESTER (35) already has 
found in colourless sponges the otherwise green amoebocytes now 
overladen with colourless grains, which appeared to be chlorophyll 
corpuscles in a somewhat abnormal condition, viz. irregular and 
angular. LANKESTER concluded that there had to be some relation 
between those two (green and colourless) forms. 

I have examined this more exactly and it proved to be the 
case. But I must not only declare that — contrary to LANKESTER’S 
observations — the colourless chlorophyll corpuscles may be per- 
fectly similar to the green ones as to their structure, but also 
that their mutual relation is quite different from what LANKESTER 
thought (Introduction pag. 4). On account of its great importance, 
T will treat this question in a new chapter. 


VI. THE STRUCTURE OF THE COLOURLESS ,SYMBIOTIC” ALGAE; HOW 
THEY ARISE FROM THE GREEN ONES. 


I will treat now only the pure structure of the colourless chloro- 
phyll. corpuscles, as we can observe it from the well preserved speci- 
mina in which it is still clearly showing. This structure ús per- 
fectly similar to that of the green ones, as shown in the illustra- 
tion (Fig. 35); the diameter is the same. The colourless corpuscles 
may also contain an oildrop and generally occur free in the proto- 
plasm of the amoebocytes, just as the green ones do. 

What then is the relation between these colourless symbiotic algae 
and the green ones? Did the former arise from the latter or the 
latter from the former? 

In relation to the facts, that green sponges occur in light and 
colourless ones in darkness (p. 35); that green sponges grow 
colourless in darkness and colourless ones grow green in light 
(p. 35); and to the fact, that we know the same to be the case 
for the higher plants, one might be inclined to conclude that all 
these facts are based on one same phenomenon, known for the higher - 
plants, viz. that chlorophyll can not be produced in darkness. 
LANKESTER and BRANDT (l.c.), indeed, did explain these facts in this 
way, as I mentioned in the Introduction (pag. 4). And also 
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OLTMANNS (47) supposes that in the colourless gemmules of the 
fresh-water sponges the algae would be colourless for lack of light. 

But is it correct to suggest this analogy of algae to higher plants; 
is it not possible that the symbiotic algae do produce chlorophyll 
in darkness? 

When comparing the amount of algae in green and colourless 
sponges (p. 35, Table 6) one is inclined to declare, on account of 
the presence of green algae in colourless sponges in darkness and 
of colourless ones in green sponges in light, that evidently lack 
of light can not be the cause of the algae being colourless. But 
this conclusion would not be right; for it is possible that it is 
dark within the tissue of a green sponge in light — therefore 
the colourless algae —-; and on the other hand we know, that a 
sponge, c.q. a colourless one, is able to capture green chlorophyll 
corpuscles from the surrounding water (pag. 27—28). 

In order to decide whether the symbiotic algae can produce 
chlorophyll in darkness or not, we have to cultivate them isolated 
from the sponge tissues. So I did on a large scale (see Table 4 B, 
cultures in water, except column 6), with the following results: 
1. During the first two months a rather vigorous multiplication of 
the green material took place, together with an inrease of the 
number of green chlorophyll corpuscles (and not caused by a pro- 
pagation of other algae). 2. Even in cultures of 4 months and 
older such multiplication occurred, or green stages of division 
were to be found. 3. In old cultures the normal green corpuscles 
were still present in a great number. 4. On the contrary, the 
colourless corpuscles (with structure) in general did not increase, 
but even decreased in number; in this way: the original number 
disappeared rather quickly, lateron some new ones might arise, 
but also these disappeared after some time. 

So the fact known for higher plants, viz. that chlorophyll can not 
be produced in darkness, proved not at all appliable to our syan- 
biotic algae. On the contrary, these algae can produce chlorophyll 
in darkness very well indeed. 

It proved then to me to be a well-known fact in botanical 
literature since SCHIMPER (51) 1885, that algae can produce chloro- 


38 


phyll in darkness (Hernricner (27) 1883, Erarp and BourLHac 
(19) 1898; Marrucnot and Morrrarp (43) 1900; OLrmanns (47) 
1905). Moreover, the same is known about the seedlings of some 
Gymnospermae, about ferns and mosses (STAHL (55) 1909). 

So we have to find another explanation for the facts, men- 
tioned above (p. 35), than the simple one given by LANKESTER 
and BRANDT (p. 36—37). 

Consulting the botanical literature I found, that in algae the 
producing or not-producing of chlorophyll — in darkness and 
even in light! — depends for a great deal on the nature of the 
feeding-milieu (BRIJERINCK (4) 1890; Arrarr (2) 1902; Grint- 
zesco (24) 1903; Rapais (50) 1900). But a rule in general 
appliable cannot be given for it, one kind of alga behaves in 
this way, another in that way. By combining the results of 
the investigators mentioned we may, for instance, distinguish the 
following 3 types of algae: 

A. Scenedesmus. 

a. when cultivated in light. 

1. in water + salts + NH,NO, without organic sub- 
stances no growth takes place (Sc. acutus) or vigorous 
growth of green algae (Se. caudatus). 

2. in water + salts + little organic substances growth of 
green algae takes place. 

3. in rich organic feeding solution the algae become colourless. 

b. when cultivated in darkness. 

1. when glucose is present in the solution growth of green 
algae takes place. 

2. in rich organic feeding solution the algae will probably 
also become colourless. 

B. Chlorella vulgaris, Stichococcus bacillaris. 

a. when cultivated in light. 

1. in poor or in rich feeding solution growth of green 
algae takes place. 

b. when cultivated in darkness. 

1. in poorer feeding solution (water + salts + K NO, + 
glucose) the algae become colourless. 
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2. in rich feeding solution (water + salts + peptone + glu- 
cose) vigorous growth of green algae takes place. 
C. Chlorococcum infusionum from the Lichen Xanthoria pa- 
rietina. 
a. b. when cultivated in light or in darkness and in all kinds 
of feeding solutions the algae remain green. 


So the algae prove to become colourless under very different 
conditions as to light and food. Therefore we ought to examine, 
if perhaps our symbiotic algae can lose their green colour and 
pass into the colourless form by a combination of darkness (or 
light) and a certain feeding milieu. And at the same time we 
should examine, if the colourless form of the symbiotic algae may 
in its turn pass into the green one by a certain combination of 
light (or darkness) and feeding milieu. 

For the present I will treat the first question. We have to 
examine then, to which of the following types of algae — the 
‘only ones possible and partly hypothetical — our symbiotic 
alga belongs: 

A. when cultivated in darkness. 

type I (Scenedesmus). 
in poorer feeding solution the algae remain green. 


_ 


in rich feeding solution the algae become colourless. 
type IL (Chlorella, Stichococcus). 
in poorer feeding solution the algae become colourless. 
in rich feeding solution the algae remain green. 
type III (Chlorococcum from Xanthoria). 
in poorer feeding solution ie ais. Porter groan 
in rich feeding solution ara 
type IV (hypothetical). 


in poorer feeding solution 
the algae become colourless. 


in rich feeding solution 
B. when cultivated in light. 
type I (Scenedesmus). 

in poorer feeding solution the algae remain green. 

in rich feeding solution the algae become colourless. 
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type II (hypothetical). 

in poorer feeding solution the algae become colourless. 

in rich feeding solution the algae remain green. Z 
type III (Chlorella, Stichococcus, Chlorococcum from Xanthoria). 


in poorer feeding solution 
the algae remain green. 


in rich feeding solution 
type IV (hypothetical). 


in poorer feeding solution 
E 8 the algae become colourless. 


in rich feeding solution 


A poor or a rich feeding solution here always means a solution 
poor or rich in organic feeding substances. 

To decide to which type the green symbiotic alga of our 
sponges belongs, it was isolated from the sponge tissues and cul- 
tivated in light and in darkness in various feeding solutions. I 
will not treat these cultures here at large; one can find a de- 
tailed description in Table 4 A, B. | 

The result we infer from these cultures is, among others, that 
the symbiotic algae remain green and multiply by means of 
green descendants under all circumstances. However, we had not 
yet examined every imaginable combination of feeding in the in- 
organie and organie feeding solutions used here; on the con- 
trary, some chief combinations only. So it might be possible 
still, that a fresh-water sponge offered exactly such a combina- 
tion of food to its algae, that they did lose their green colour in 
darkness or in light. So we had to study this possibility as well, 
for which a feeding solution was required, differing as little as 
possible as to composition and concentration from the one sur- 
rounding the algae in the-living sponge. I got this solution (the 
so called diluted and concentrated liquid from a sponge) in the 
way described on pag. 11. The result inferred from these cul- 
tures is quite the same as that from the preceding cultures, as 
Table 4 A, B shows: 

1. The isolated green symbiotic algae of the Spongillidae, whether 
cultivated in light or in darkness in poor or in rich organic 
feeding solutions, even in liquid pressed from a sponge, remain 
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normal (green, for instance) and alive for months, and multiply 
by normally green descendants. 

2. In general the number of isolated colourless symbiotic 
algae (with structure) does not increase in these cultures, but 
decreases; they disappear from the culture. 

So the green symbiotic algae of the sponges belong to type A, 
B, III, to the same type as the symbiotic algae of Xanthoria. 

Next I wanted to examine (pag. 39) if the colurless form of 
the symbiotic algae may pass into the green one by a certain 
combination of light (or darkness) and feeding milieu. I cultiva- 
ted therefore the isolated colourless algae in light and in darkness 
in the same feeding solutions, as the green ones were cultivated 
in. I refer to Table 4 C, D. The result was: 

The isolated colourless symbiotic algae of the Spongillidae (n.b. 
those with structure), whether cultivated in light or in darkness 
in poor or in rich organic feeding solutions, even in liquid pressed 
from a sponge, disappear from the culture after some time; they 
never pass into the green form. 


We may now conclude: Jt is impossible, that the green sym- 
biotic algae pass into the colourless ones, nor can the colourless 
algae pass into the green ones, by the combined influence of darkness 
or light and a certain feeding milieu — at least not in those cases, 
which regard the condition of the sponge. This also proceeds from 
the following facts: 

As I stated above, green sponges generally occur in light and 
colourless ones in darkness or twilight. In nature however — as 
exception to the rule, but by no means very seldom — colourless 
sponges also occur in light and — rather seldom — green ones in 
twilight. Sometimes one may even find, close together, some green 
and colourless sponges in bright daylight, or in twilight. It goes 
without saying that — as in each of these two groups of sponges 
(that in light and that in darkness) the algae live under the same 
conditions as to light and food — one may not attribute the fact 
of the majority of the algae being green or colourless in one case 
or in the other to the combined influence of those two factors. 
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What indeed may be the relation between these green and colour- 
less algae? 

I refer again to Table 4 A,B. There we see that, when the 
green algae decrease in number, the colourless ones increase (in 
order to disappear after some time). Therefore it is probable, that 
the green ones can become colourless. 

Next we should consider that, as green sponges grow colour- 
less in darkness (pag. 35), which goes together with a consi- 
derable decrease in number of the green algae and a considerable 
increase of colourless ones, so, we might say, together with a 
transition of green algae into colourless ones, we are now able 
to state, that this transition is not caused by the combined influence 
of darkness and the feeding milieu in the sponge tissues but that 
it must be closely related to the life of the sponge; in other 
words, we want a living sponge to perform this transition. 


I am going to prove, that the green symbiotic algae of the fresh- 
water sponges can only pass into the colourless ones by dying. 

I. Analyzing the nature and number of the symbiotic algae in 
green and colourless Spongillidae (Table 6), one will find the 
already mentioned (pag. 35) green and colourless algae. But exa- 
mining these colourless algae more exactly, we see that there exist 
3 different forms of them: 1. the colourless ones with clearly 
marked out internal structure (Fig. 35) mentioned on pag. 36; 
this form is the least numerous; 2. the colourless algae, the internal 
structure of which is only visible as a shade (Fig. 36); this form 
is somewhat more numerous (Ì and 2 together are the group of 
the ,colourless ones with structure”); 3. the colourless ones, the 
internal structure of which is no more visible at all, but which 
appear internally either homogeneous (Fig. 37) or somewhat 
granular, and wich are the most numerous of the 3 forms (the 
group of the ,colourless ones without structure”). But closely 
examining one can still detect a 4th group, viz. of „vague 
shades’ of colourless algae, in which there is of course neither 
any internal structure to be seen. All these forms of symbiotic 
algae generally occur — as mentioned for the green ones and 


43 


the colourless ones with structure (p. 17, 36) — free in the 
protoplasm of the amoebocytes; so they are not lying in vacuoles. 
Nevertheless, sometimes one may also find them in food vacuoles 
(Chapt. VIII). 

It is very likely now, that the 3 last groups, the colourless 
algae with shade of structure, the colourless ones without struc- 
ture, and the vague shades of colourless ones, are only successive 
stages of ,solution” of the colourless ones with clearly marked 
out structure; for this reason it would be rather evident, that 
the latter are dying. 

IL. I have been able to prove by numerous experiments, that 
in fact the isolated green symbiotic algae can change in this way 
only: first into colourless ones with clear structure, then into 
colourless ones with shade of structure, next into colourless ones 
without structure, then into vague shades of colourless algae, in 
order to finally disappear. The green algae were killed 
purposely in many of these experiments, for instance by 
heating or more or less intense lighting. (Table 5, n°. 68, 94, 
95, 290 n, 290 p, 3071, 3081, 318, a. 0.) 

In this table also many cultures taken from Table 4 are recorded. 
In them it is striking to notice, that through infection of mould, 
common algae or diatoms the green symbiotic algae are changed 
into colourless ones with structure, while the latter, passing via 
the other colourless stages mentioned above, will disappear from 
the culture (N°. 84, 851, 113, 141, 188, 189, 190, 194, a.o.). 
Bacteria, on the contrary, don’t seem to do any harm to these 
green algae at all (Table 4). 

As, when purposely killing the isolated green algae, we get 
a succession of quite the same stages of colourless algae which 
we also meet in sponges, it is indeed very likely, that in the 
latter too the colourless algae with structure arise in no other 
way than by dying of the green ones, in order to pass also after 
that into the various successive stages of „solution’’ — mentioned 
above — to finally disappear entirely from the sponge tissues. 
And the more so, because the same succession of stages can be 
found in cultures infected by mould, common algae and diatoms. 
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Ill. On pag. 41, treating the cultures of isolated colourless. 
algae, we concluded that these algae (n.b. those with structure) 
always disappeared from the cultures, and never passed into 
the green ones. The same proves to be the case (Table 4) for 
the isolated colourless algae without structure. Which was already 
self-evident. 

We have proved now, that the green sponge algae may change 
into the colourless ones by dying. We shall have proved incon- 
testably, that the green symbiotic algae within the sponge tissues 
become colourless exclusively by dying (in order to disap- 
pear afterwards), only when we have shown that all colourless 
algae present in these tissues are really dying. The following 
are the proofs: . | 

IV. The general rule given under III; while, on the contrary, 
the green algae remain alive for months. 

V. When a sponge dies, its colourless algae do not remain 
intact — as the green ones (p. 28) — but they disappear. 

VI. Colourless stages of division of symbiotic algae are but 
seldom to be found in sponges — on the contrary several green 
ones (Table 6) —; therefore the former must probably be explained 
as having been originally green. 

VII. As known, living protoplasm is generally not stained, 
or less quickly stained than dead one. By means of this fact I 
could definitively decide whether the colourless algae were alive 
or not. I therefore made ravel preparations of living, green and 
colourless sponges, and added equal quantities of a solution of 
eosine or methylene-blue in water, with the following results: 

1. Green Spongilia material containing numerous green symbiotic 
algae, a few colourless ones with structure, and rather numerous 
colourless ones without structure. 

A. In eosine. After 25 hours the numerous green algae have 
as a rule not been coloured red, only very seldom one meets 
with a green specimen with red tint. Colourless algae are but — 
very seldom to be found, almost all of them are red: the few 
with structure -- they have no green chloroplast! — as well 
as the rather numerous ones without structure. 
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B. In methylene-blue. After 25 minutes the numerous green 
algae are not yet blue at all. Colourless algae, however, are no- 
where to be found, all of them are blue: the few with structure 
(they have no green chloroplast!) as well as the rather numerous 
ones without structure. 

_ 2. Colourless Spongilla material containing several green symbiotic 
algae, a few colourless ones with structure and rather numerous 
colourless ones without structure. 

A. In eosine. After 25 hours the (several) green algae are not 
yet red at all. Colourless algae are but seldom to be found, al- 
most all of them are red: the few with structure (without green 
chloroplast), as well as the rather numerous ones without structure. 

B. In methylene-blue. After 35 minutes the (several) green 
aleae are not yet blue at all. Colourless algae, however, are 
nowhere to be found, all of them are blue: the few with structure 
(without green chloroplast) as well as the rather numerous ones 
without structure. 

The same counts for the algae of Ephydatia. 

By these last experiments we have got the decisive proofs, 
that all colourless symbiotic algae in sponges are dead, at least 
are dying. So we have incontestably shown, that the green „sym- 
biotic’ algae in the tissues of the Spongillidae become colourless 
exclusively by dying (of the algae, namely), in order to gradually 
pass from colourless algae with clear structure into the successive 
stages of ,solution’”’, colourless algae with shade of structure, co- 
lourless ones without structure, vague shades of colourless ones, and 
to finally disappear. 


For completeness’ sake I want to mention that the colourless 
sponge algae, arisen from green ones in a culture infected by 
diatoms (pag. 43), were also quickly stained with methylene-blue. 
This proves that they too were dying. 
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VII. THE INTRINSIC AMOUNT OF THE VARIOUS GREEN AND 
COLOURLESS STAGES OF THE ,SYMBIOTIC’’ ALGAE IN SPONGES. 
THE FACTORS RULING THIS AMOUNT. HOW GREEN AND COLOURLESS 

SPONGES KEEP UP THEIR ,COLOUR”, AND HOW THEY ARISE 

FROM EACH OTHER. 


a. 


We now have stated the nature and origin of the colourless 
symbiotic algae, and resume the discussion started in chapter Y. 
We put the questions: What is a green sponge, what a colourless 
one; how do they keep up their ,colour”, and how do they arise 
from each other? 

For the present we might answer the first two questions as 
follows (pag. 35, Table 6): Green sponges are sponges containing 
a great number of living green algae and a smaller number of 
dead colourless algae; colourless sponges are sponges containing 
a small number of living green algae and a greater number of 
dead colourless ones. But we should now compare the green 
sponges — usually occurring in light, as we know (p. 35) — and 
the colourless ones — usually occurriug in darkness — more 
accurately as to their intrinsic amount of the various (green and 
colourless) stages of the symbiotic algae; especially newly caught 
sponges. 

To that purpose I analyzed, as mentioned on p. 35, a great 
number of those Spongillidae, green and colourless ones, Spongillae 
as well as Ephydatiae (Table 6 A,C); the amount of algae in 
Spongilla was examined separately in tissues in different stages 
of development: in very young tissue, in full-grown, and in 
tissue at rest (gemmulae). The number of the algae mentioned 
always concerns the amount present within an equal volume of 
each sponge. The results of the analyses are as follows: 

1. Green as well as colourless symbiotic algae occur in the green 
sponges in light as well as in the colourless ones in darkness. 

2. In the course of the development of the tissues of the green 
Spongillae the number of the green algae remains constantly con- 


47 


siderable, decreasing a little in the gemmule-stage. The number 
of the green stages of division is comparatively great, but in gem- 
mules they are absent; hardly the gemmules have germinated, 
however, and the number increases again. The number of the colour- 
less algae with structure is small and remains rather constant 
during development, showing a considerable decrease during and 
after the gemmule stage. The number of the colourless ones without 
structure is not great at the beginning, but increases rather con- 
siderably afterwards, also showing a strong decrease (as far as 
we may judge) during or after the gemmule stage. 

3. In the course of the development of the tissues of colourless 
Spongillae the number of the green algae remains constantly small, 
in order to disappear completely in the gemmule stage; when, 
however, the gemmules have germinated the number immediately 
increases. The number of the green stages of division is constantly 
very small; as a rule they are even missing. The number of the 
colourless algae with structure is not great and remains rather 
constant during development, showing a considerable decrease during 
and after the gemmule stage. The number of the colourless ones 
without structure is rather great at the beginning and increases 
considerably afterwards, also showing a great decrease during and 
after the gemmule stage. 

4. In this way one observes in the tissues of the green Spon- 
gillae as well as in those of the colourless ones a gradual change 
of number of the various stages of algae: from very young tissue to 
full-grown, from full-grown tissue to gemmules, and from gemmules 
to very young tissue again. 

5. During or immediately after the gemmule-stage the tissue of 
a Spongilla contains a minimum of green and colourless algae. 

6. In the green sponges the number of the green algae is 
usually much greater than that of the colourless ones (with, and 
without structure) together; only in some cases this number is equal. 

@. In the colourless sponges the number of the green algae is 
always much smaller than that of the colourless ones together. 

8. In the green sponges the green algae are always much more 
numerous than in the colourless sponges. 
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9. In the green sponges the colourless algae are generally less 
numerous than in the colourless sponges — of course one must com- 
pare tissues in the same stage of development —; this concerns 
the colourless algae with structure as well as those without. For 
the first ones this difference in number is smaller than for the 
last ones; and for the latter it still inereases rather considerably 
during the development of the sponge tissue, in order to probably 
disappear almost entirely during or immediately after the gem- 
mule stage. 

10. In the green and in the colourless sponges the number of 
colourless algae with structure is always much smaller than that 
of those without structure. 

U. The total number of symbiotic algae present in the green 
sponges surpasses that in the colourless ones. 

‘Having stated this, we want to know, what is the reason of 
alk this (point 1—11). In short, why in nature a (green) sponge 
in light contains an excess of green living algae and a smaller 
number of colourless dead ones, a (colourless) sponge in darkness, 
on the contrary, an excess of colourless dead algae and a smaller 
number of green living ones; how both sponge types keep up their 
»colour” ; and how they arise from each other (pag. 55). 


6. 


For that purpose we have to examine the factors ruling the 
number of the Ek algae in the sponge tissues. These factors 
are 6 in number, viz. 

A. the import of af algae from the Riton water into 

the sponge (the factor of import). 

B. the export of the algae from the sponge-tissues into the 
surrounding water (the factor of export). 

C. the increase of number of the algae in certain parts of the 
tissues by the reduction or death of other parts (the factor 
of reduction). 

D. the decrease of number of the algae in a certain sponge- 
volume by the growth of the sponge (the factor of growth). 
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E. the multiplication of the green algae within the tissues 
(the factor of multiplication). 

F. the mortality of the green algae within the tissues (the 
factor of mortality). 

I shall now treat each factor separately. 


A. The factor of import. 

As I mentioned above (pag. 28), it is possible to durably 
transmute colourless sponges into the green form by placing 
them into a diluted suspension of isolated green symbiotic algae 
in water. I give a more detailed description in Table 7. There 
we see, that a living colourless Spongilla (volume 3—10 c.M°) 
is able to make perfectly clear within a few days 3 litres of a 
grayish suspension of algae, by which the colourless Spongilla it- 
self grows light-green; and that the rapidity of this process is 
directly related to the number of oscular tubes, the sponge shows. 
As we know from the research of VOSMAER and PEKELHARING 
(62), these tubes accelerate the rapidity of the water current 
through the sponge body — serving as lengthening pieces of 
the draught canals —. Therefore we may conclude that, the 
quicker the current in the canals of the colourless sponge, 
the more quickly the sponge will get clear — so to say by 
filtering — the troubled suspension, and itself will grow light- 
green by capturing the green algae. The oscular tubes are not 
indispensable, of course — as was proved —; the current of 
water can also go on, when they are lacking. One might think it 
possible, that the sponge does not only catch the algae within 
its tissues, they have got into by the current, but also at its outer 
surface. This possibility might be realized; but it can hardly 
come into consideration in comparison with the first method of 
capturing, as I will point out afterwards in chapter B and C 
(on the current of water and the ingestion of food). I will only 
mention now that the algae are soon joined quite normally 
within the sponge amoebocytes (not vacuoles!), and that the light- 
green colour of the sponges, after they have been transported 


into daylight into aquaria filled only with water from the con- 
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duit, does not at all decrease in the course of some weeks but 
even strongly increases, as stated already on pag. 28. All this 
concerns Spongilla as well as Ephydatia. (See Table 8.) 

In this way the import of the green algae proved possible. 
One might ask, however, if this factor really exists in nature 
under normal conditions. This is certainly the case. For we 
know that the symbiotic algae occur free in nature in exactly 
the same waters as the sponge is living in (pag. 27—28); namely 
to the amount of at least 200 per litre in March and at least 
3700 in July; but these numbers give a minimum only, probably 
very much too low. Moreover, one should not consider the in- 
tensity, with wich a sponge filters the surrounding water clear, 
to be but weak. As to this, we saw in Table 7 that a little 
sponge (of but 3 c.M® vol.) is able to make clear 3 litres of a 
troubled suspension within 3 days, while the filtered water was 
again and again mixed with the suspension. So, how many times 
had not the same water to pass through the sponge body before 
all was clear at last; how many litres has the little sponge really 
filtered in those 3 days! Another proof of this really enormous 
„filtering power”: sponges as large as a finger proved able to 
make clear 3 litres of water mixed with 2 c.M? of milk within 
a day’s time; but exclusively when oscular tubes were present. 
(This result was not caused by sponge-enzymes, as one might 
think; for such liquids mixed with material from a pressed 
sponge remained troubled for days. Nor did the milk sink to 
the bottom). 

Having stated now the presence of green symbiotic algae free 
in the water and the enormous „filtering power” of a sponge, we 
may conclude that in nature the import is a vigorously and con- 
tinually acting factor of increasing the number of green algae in 
sponge-tissues. And this must be the case! For we stated (p. 47) 
in colourless sponges from darkness that green algae are con- 
stantly present in a small number, that stages of division are 
generally absent, that the colourless algae (without structure) in- 
crease considerably in number, in other words, that green algae 
are continually dying; so it is absolutely necessary, that new 
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green algae are constantly imported from the surrounding water 
in order to keep up their (small) quantity within the sponge 
tissue (the factor of reduction is normally not acting). Therefore > 
the import is the only factor of increase of the number of green 
algae in colourless sponges in darkness. 

When treating the factor of import I should mention another 
remarkable fact. In winter, when the sponge tissue is reduced 
to the gemmules fixed quite free in the skeleton, several normal 
green symbiotic algae prove to be sticking to that skeleton; pro- 
bably caught there in the course of the winter from the flowing 
water. The gemmules, now, when germinating on their place in 
the old skeleton — which happens very often — will immediately 
find some green algae to their disposal. So the rapid increase 
in number of the green algae in newly germinated gemmules, I 
mentioned on p. 47 (3), has to be explained. 

Next one might ask if in nature the factor of import does 
only concern the green algae, or the colourless ones too. The 
latter would be realized, when also colourless algae occur free in 
nature. This is certainly the case. Their number, however, always 
proved to be but very small, compared to that of the green 
ones; what stands to reason (conf. pag. 42—45). Therefore the 
factor of import may be neglected as far as the colourless algae 
are concerned. 

Finally we may accept that the factor of import is equally 
active in (green) sponges in light as in (colourless) sponges in 
darkness; for the number of the algae in the surrounding water 
will be equal for both of them in consequence of the continual 
water circulation, and both sponges will probably possess the 
same ,filtering power” '). 


1) From an experiment it seems to result that the „filtering power’ of green 
sponges in light is greater than that of colourless sponges in darkness. In this case 
also the import would be greater in the first sponges. We want, however, many ex- 
periments to answer this question, and for the moment it is of no importance to us 
(see the note at pag. 68). It will, however, be much more important when considered 
in relation to a lack of Og, which possibly exists in (colourless) sponges in darkness 
(chapt. VIII). 
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B. The factor of export. 

I treat this factor as theoretically possible and the reverse 
of the import; for a sponge laden with algae might continually 
eject some of them; though the above stated eagerness with 
which a sponge captures algae does not make this supposition 
very likely. But I should mention that I have really observed 
sometimes (not often!) the ejecting of green symbiotic algae 
together with feces by vacuoles in the process of defecation, I 
shall treat afterwards (chap. E). The export can not be expe- 
rimentally stated in another way; for a sponge in captivity may 
always show some small parts of its tissues dying (at least this 
possibility can never be excluded), whereby algae are set at liberty. 
I think we may consider the export of algae from the sponge 
tissues as an uncertain, but probably not important factor. 


C. The factor of reduction. 

After some time in captivity the fresh-water sponges show a 
reduction of their tissues, which originally filled the whole ske- 
leton but then begin to reduce to the inner parts. This may be 
the consequence of a progressive dying of the outer layers, fol- 
lowed by their destruction. At least this is often the case. A 
same phenomenon of reduction, however, might also be caused by 
the tissues growing more and more compact, by the internal ca- 
nals and lacunes being filled. It seemed to me that in a sponge 
in reduction always both processes were going on. Their influence 
on the remaining part of the tissues would be the same: the - 
number of the algae present within the unit of volume of these tissues 
would increase. When the reduction is caused by the tissue growing 
more compact, this result is quite evident. In the other case we 
may distinguish two possibilities: 1. The dying amoebocytes might 
be (partly) ingested by the remaining ones, with preservation of 
the green algae. 2. The destruction of the dead amoebocytes would 
set numerous green algae at liberty in the neighbourhood of the 
remaining sponge parts; thus the factor of import would be in- 
creased. One can often observe this last phenomenon: a dying sponge 
is surrounded by a green cover of algae, settled to the bottom. 
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In nature, however, the process of reduction occurs in autumn 
only. - We may therefore neglect this factor for sponges living 
free in nature (except in autumn); but we should prevent that 
in our experiments (in aquaria etc.) this reduction becomes eff- 
cient, and we should take care to limit its troubling consequences 
(the increase of the import) as much as possible by a continual 
vigorous circulation of fresh-water through the aquaria. 


D. The factor of growth. 

As a very young sponge forms but a minute corpuscle, when 
full-grown, however, a large crust with long branches (10 c.M. 
and even longer) — Spongilla — or a thick cushion — Ephy- 
datia —, it stands to reason that the growth of the sponge must 
be (not in a short, but in a long space of time) a very active 
factor of decreasing the number of algae present in the unit of 
volume of its tissues. 

One should consider, however, that growth takes place almost _ 
exclusively at the top of the branches in Spongilla, as I men- 
tioned already, on pag. 16. So especially here the factor of 
growth will act, although it might be possible that this in- 
fluence is spread all over the sponge tissue by means of an ac- 
cumulation of amoebocytes from all parts of the sponge body to 
the branch tops. But it is remarkable to notice that these tops 
are exactly the parts of a sponge, which become green first of 
all and remain so for the longest time, as I stated repeatedly ; 
so some other factors must act here as well. Nevertheless, [ have 
once found in a very. warm season a great number of quickly 
grown, green Spongillae with indeed very light-green coloured tops. 

Green Spongillae (from light) proved to be larger than colour- 
less ones (from darkness). This difference can not always be ob- 
served, of course; nor is it always so prominently marked out as 
in Fig. 1 and 2; but I have been able to state it in general and 
in different months of several years. Later on I will treat the 
cause of this phenomenon (chap. VIII). So we may conclude the 
factor of growth to be more active in green sponges in light than 
in colourless ones in darkness. 
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EB. The factor of multiplication. 

We stated above (p. 27, 31, 47, and Table 4, 6) that the 
green symbiotic algae multiply, when isolated in cultures, as well 
as within the tissues of the sponge. 

We have to examine now the rapidity of the multiplication 
under different outer conditions (Table 9, 10). We will do this 
by counting the number of the stages of division present in 100 
green algae at a certain moment. Before we proceed to this in- 
vestigation we should ask, what factors rule this number. It will 
increase by 2 factors: 1. by the number of the algae (per 100) 
which divide within a certain space of time, 2. by the time in 
which the division of an alga is accomplished. We may say 
that the Ist factor depends on the state of feeding of the algae, 
the 221 on the temperature. The latter was always the same in 
my experiments of one series; therefore we may consider the 
time, in which the divisions of the algae took place, to be equal 
also for every experiment of a same series. Consequently, we 
possess in the number of stages of division per 100 algae (the 
percent of stages of division), which I examined in my in- 
vestigations, a direct measure, true for every series of experi- 
ments, of the number of algae (per 100) which divide within a 
certain, equally long space of time; in other words, a measure of 
the intensity of multiplication of these algae. 

In this way we will have examined this intensity always cal- 
culated per 100 green algae, which are present in a culture or 
in a tussue of a sponge. The other factors (import, export, re- 
duction, growth and dying), however, have been studied or will 
be studied per unit of time and per unit of volume of sponge 
tissue. Consequently, we have to bring also our results con- _ 
cerning the intensity of multiplication in accordance with these 
units, in order to combine all results afterwards. 

Proceeding now to my investigations we see: 

1. Periodicity does not occur in the intensity of multiplication, 
neither for the algae in the sponge tissue, nor in cultures; nei- 
ther within 24 hours, nor within some days (Table 9). I there- 
fore believe that the algae continually multiply each in its turn, 
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without any mutual regularity; while the process of division 
proceeds but very slowly (pag. 31). 

2. The weaker the concentration of the algae present in a 
culture or in a sponge tissue in light, the higher is their 
intensity of multiplication (Table 9, 10; in sponges one should 
consider the concentration at the beginning and at the end of the 
experiment; the abnormal nes 3361, 341, 3651, 375, 376 should 
be neglected); in darkness, on the contrary, the intensity is al- 
ways the same (viz. + 0) in sponges (Table 10, conf. Table 6). 
I will not examine, now, the cause of these phenomena; one 
may ascribe them to the quantity of food (eg. C0,), the algae 
can dispose of. All this concerns the intensity calculated per 100 
green algae. Now we have to remould these results and to cal- 
culate them per unit of sponge volume. We therefore should 
know the mutual proportions of the various concentrations, which 
we can only calculate roughly (p. 13). In.this way we find in 
light (Table 10 and 8, n°. 3371, 347, 3381; 3331, 3341, 343) on 
the one hand an intensity (per 100 algae) of 13 with an average 
quantity of algae (in the unit of volume) of VII, on the other 
hand an intensity (per 100 algae) of 1 with an average quan- 
tity of algae (in the unit of vol.) of XI. Now I stated that 
XI = + 70 VII. Consequently, the same sponge volume in light, 
containing 100 algae in the weak concentration and therefore 
possessing an intensity of multiplication of 13, must contain 
in the strong concentration 7000 algae and an intensity of 
multiplication of 70. Thus: in light the intensity of multiplication 
of the algae in sponge tissue, calculated per unit of sponge volume, 
in a strong concentration of the algae surpasses the intensity in a 
weak concentration; in darkness they are the same, viz. 0. 

3. The intensity of multiplication of the algae in the sponge 
tissues as well as of those in cultures is much larger in light 
than in darkness; in a sponge in darkness it is + 0 (Table 10, 
ef. Table 4 and 6). The concentration of the algae in every 
two experiments belonging together (one in light, the other in 
darkness) was generally almost the same in the cultures; in the 


sponge tissues, however, in light (necessarily) even stronger than 


56 


in darkness. Consequently, if this concentration had been equal, 
the intensity of multiplication (cale. p. 100 alg.) in the sponge 
in light would have surpassed that in darkness even more. The 
cause of this phenomenon is, of course, again the state of feeding 
of the algae. 

This rule concerns the intensity calculated per 100 green algae; 
while the concentration of the algae was then supposed to be_ 
the same in light as in darkness. From this follows: the concen- 
tration of the algae being the same, their intensity of multiplication 
in sponge tissue in light, calculated per unit of sponge volume, 
largely surpasses the intensity in darkness. 


FE. The factor of mortality. 

In chapter VI we have stated that all colourless algae present 
in sponge tissues are dead or dying green ones; and in chapter 
Vila, that generally rather a considerable quantity of the green 
algae is continually dying in those tissues, first changing into 
colourless algae with structure and then into colourless ones without 
structure (p.45). As besides we see from Table 5 (n°. 68 p, for instance), 
that there the stage of colourless alga with structure is passed 
much more quickly than that of colourless one without structure, 
we might in general consider through analogy also in the sponge 
tissue the number of colourless algae with structure to be a direct 
measure for the intensity of dying of the green algae during a 
short period preceding our analysis; and the number of colourless 
algae without structure, on the contrary, to be the total amount 
of the algae, that died (in the same sponge volume) during a much 
longer period preceding our analysis. This conclusion agrees with 
the results from the analyses of Table 6; for there we have stated 
(pag. 48, 10) that the number of the colourless algae without 
structure is always much larger than that of the colourless ones 
with structure. This is only possible, if the first mentioned stage 
of colourless ones (that without structure) is passed less quickly 
than the second. 

Knowing this, we may conclude from the analyses of Table 6 
(pag. 46—47, 2, 3) that in green sponges in light as well as in colour- 
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less ones in darkness: 1. the intensity of dying of the green algae 
remains constant in all stages of development of the sponge tissue, 
showing however a considerable decrease in the gemmule-stage; 2. 
the total amount of dead algae increases (in the unit of sponge 
volume) during the development of the tissues, which is of course 
a matter of fact. Nevertheless, it is important to see that the 
latter shows from the analyses; for it proves that these colourless 
algae without structure must hold in the tissues for rather a long 
time. Is is even probable, that in full-grown tissue (at least in 
the beginning) the same colourless algae without structure would 
still be present, which were already there at the time the tissue 
was young and growing; for their continually increasing number 
can not be explained in another way (as the intensity of dying is 
constant, and one should admit also that the number of dead algae, 
passed at the same time from colourless ones with into colour- 
less ones without structure, will also disappear at the same time 
from this last stage). That the total amount of dead algae should 
considerably decrease during or after the gemmule stage is quite 
conceivable, for then the intensity of dying proved much smaller, 
while on the other hand colourless algae are continually dis- 
appearing. 

Next we want to compare the mortality of the green algae 
in sponge tissue in light and in darkness. For that purpose: we 
can make use of both groups of colourless algae mentioned here. 
First we should ask however, if in the dying of the green algae 
within a sponge the stage of colourless one with, as well as that 
of colourless one without structure is passed in light just as 
quickly as in darkness. One might answer that this question does 
not come into consideration, as we concluded above: 1. that in 
both cases the first stage is passed so quickly, that we may con- 
sider it to be a measure of the intensity of dying during a short 
period, and 2. that in both cases the algae can not possibly dis- 
appear from the second stage before the sponge tissue is full-grown. 
This is exact. Yet I shall also answer the question experimentally, 
at least as far as the second stage is concerned. 

When asking this question, one thinks of a possible difference 
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of rapidity, with which the colourless stages are gone through, 
as caused by: a. a changing influence produced by the green 
algae on the sponge tissue (production of O, and assimilates in 
light, but not in darkness), b. some other influence independent 
from those green algae. I will treat both possibilities in con- 
nection with my experiments. In order to get a pure result, the 
factors of import, (export), growth, reduction and of dying should 
be excluded as much as possible in these experiments; which 
may be obtained by cultivating colourless sponges (so sponges 
containing a small number of green and a large number of colour- 
less algae) in flowing water from the conduit, and to continue 
the experiments for not too long a time. These experiments 
belong to a large series of similar ones, made for different 
purposes (Table 8). My material consisted in Spongillae and 
Ephydatiae; generally of each sponge a piece was cultivated in 
light and another piece under the same conditions in darkness. 
In the beginning of the experiment both pieces of each pair 
possessed an almost equally small quantity of green and of colourless 
algae with structure, and an almost equally large quantity of 
colourless ones without structure. Table 8, n°. 336, 365 I, 365 II, 
375, 376 give an answer to the possibility mentioned sub 6. For 
at the end of these experiments: 1. the quantity of green algae 
proves to be just as small as at the beginning, and therefore to 
have been of no influence, 2. the large quantity of colourless algae 
without structure in each sponge piece in light proves just as much 
increased, decreased or remained equal during the same time as 
in the partner sponge piece in darkness; proof, that in sponge 
tissue, when the number of green algae is small, the stage of co- 
lourless alga without structure is passed in light just as quickly 
as in darkness. Table 8, n°. 263, 264, 298, 299, 337, 338, 341— 
342, 8347346 give an answer to the question mentioned sub a. 
For at the end of these experiments: 1. the quantity of green 
algae proves to have increased rather much in light, therefore 
perhaps of much influence, 2. the large quantity of colourless algae 
without structure in each sponge piece in light proves to have 
changed just as much, or more increased in the same time than 
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in-the partner sponge piece in darkness; proof, that in sponge 
tissue, when the number of green algae is important, the stage of 
colourless alga without structure is passed in light either just as 
quickly or less quickly than in darkness, but by no means more 
quickly. Besides, this is logical (ef. chapt. VIII). Something 
the like will evidently be the case, when one compares a sponge 
in light containing many green algae and one containing but a 
few; for the latter will behave almost like a sponge in darkness. 

Now we proceed to the comparison of the mortality of the 
green algae in sponge tissue in light and in darkness. Are there 
more, or less algae dying in a sponge in light than in a sponge 
in darkness? 

From the results obtained through analyzing the number of 
algae in sponge tissue (Table 6, pag. 46—48) we may immedia- 
tely answer this question, if we consider that 1. in colourless 
sponges in darkness the import is the only factor keeping up the 
number of green algae (pag. 51), and that 2. the import is 
equally active in green sponges in light as in colourless ones in 
darkness (pag. 51). We may thus conclude that, although the 
colourless sponge in darkness possesses much less green algae than 
the green sponge in light (pag. 47, 8), still more green algae die 
in the colourless sponge in darkness — as the intensity of dying (the 
number of colourless algae with structure) as well as the total 
amount of dead algae (the number of colourless ones without 
structure) is at its largest in the colourless sponge (pag. 48, 9). 
Consequently, much more specimina of a same quantity of green 
algae die in a colourless sponge in darkness than in a green 
one in light. 

As to this fact, one might object that it might be possible 
that a sponge (in light, for instance) regularly wants — it may 
contain many or but a few green algae — a same quantity of these 
algae to feed upon; that therefore it would not be of any use to 
calculate the mortality per same number of green algae, as then 
one would find, of course, a large relative amount of dead algae 
in a colourless sponge, even if it did not grow in darkness. 
This reasoning might be exact, certainly (see below); but in any 
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case we have stated here, that even tlre absolute amount of dead 
algae in the colourless sponges in darkness surpasses that in the 
green ones in light. 

I will prove also by direct experiments, that of a same quan- 
tity of green algae in sponge tissue — in other words, the concen- 
tration of the green algae being the same — more algae die in 
darkness than in light. Also here the factors of import, (export), 
reduction and growth should be excluded as much as possible 
in the experiments; that of multiplication can not be excluded, 
but it will not be of influence on the results. For that purpose 
we cultivate green sponges in flowing water from the conduit 
for not too long a time. See Table 8, n°. 100, 260, 261, 292, 
293, 294, 333, 334, 348—344, (557, 359) — (348, 356, 358), 
366 I, 366 II, 371, 372; all of them green Spongillae and 
Ephydatiae. Generally of each sponge a piece was cultivated in 
light and another piece under the same conditions in darkness. 
In the beginning of the experiment both pieces of each pair 
possessed an almost equal and large quantity of green algae, an 
almost equal and small quantity of colourless ones with structure 
and an almost equal and moderate quantity of colourless ones 
without structure. Now, during the experiments the number of 
green algae generally proved to have more decreased and the 
number of colourless algae with structure and that of colourless 
ones without to have more increased in the sponge pieces in 
darkness, than in the partner sponge pieces in light during the 
same time. So it is clear, not only from the intensity of dying 
(number of colourless algae with structure) but also from the total 
amount of dead algae (number of colourless ones without structure), 
that in sponge tissue, when the concentration of the green algae is 
the same, much more algae die in darkness than in light (calcu- 
lated per unit of time and of sponge volume). (In some experi- 
ments — n°. 344, 348, 358, 366 I, 366 II — the number of _ 
colourless algae with structure has decreased at the end in the 
sponge in darkness, or has remained the same. Evidently this 
is caused by the already very much progressed decrease of the 
green algae (by dying), for the number of the colourless ones 
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without structure proves in all these cases, that also here more 
algae died in darkness than in light). 

I want to point out emphatically that we got this result by 
means of experiments in which the sponges in light contained a 
large quantity of green algae. We therefore know (pag. 59) 
that in these experiments the stage of colourless alga without 
structure can not have been passed more quickly in the sponges 
in light than in those in darkness, but that it has been passed 
just as quickly or even less quickly in light. When we suppose — 
to get a pure comparison — this stage to have been passed just 
as quickly in both cases, the above obtained result must be 
binding, perhaps even a fortiori. 

One should also examine, if there is any difference in the in- 
tensity of dying of the green algae in the tissue of a sponge 
with a strong and in that of a sponge with a weak concentra- 
tion of green algae. To answer this question we may mutually 
compare the number of colourless algae with structure in green 
and in light-green sponges, after these sponges have been culti- 
vated for some time in water from the conduit, in light or 
in darkness (Table 8). At first after culture in light. We find 
this number in 27 green sponges: 111+ 2U1+71V+4+10V + 
4VI+3 VII and in 18 light-green (or colourless) ones: 1 I + 
1114+ 201+ 381V4+4V+4VI-+8 VII. So it follows that in 
light the intensity of dying of the green algae in sponge tissue in 
a weak concentration is almost just as large as in a strong con- 
centration of the algae (calculated per unit of sponge volume). 
Then the same for sponges cultivated in darkness. In 8 green 
sponges the number of colourless algae with structure proves to 
be: 1IL +1111 +1V+3 VI +2 VII, and in 37 light-green (or 
colourless) ones: 214+51011+81V+4V4+10VI+8 VII. Con- 
sequently, in darkness the intensity of dying of the green algae 
in sponge tissue in a weak concentration is somewhat smaller than 
in a strong concentration of the algae (calculated per unit of 
sponge volume). 

When we consider both these facts in all experiments of Table 
8 (with respect to the concentration of the green algae in the 
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beginning and at the end of the experiments), the above obtained 
result (p. 60) — that more algae die in darkness than in light — 
remains valid; then there are even some more experiments 
leading to the same result: n°. (246, 248) — (255, 256), 339, 
340, 367, 368, 369, 370, 374, 378—3877. Moreover, the exact- 
ness of this result — not only for a same strong concentration 
of the green algae, but also for a same weak one — also follows 
very clearly from the last two argumentations. 

Finally I should mention that we have realized the fact in 
these cultures of green sponges in aquaria in darkness, that of 
all 6 factors, normally ruling the number of algae in sponge 
tissue, only the factor of dying has (practically) remained. 

Afterwards I will treat the cause of the dying of the algae 
in sponge tissue, when speaking about the symbiotic relation of 
sponge and alga. 


“, 


Having studied the 6 factors ruling the number of symbiotic 
algae in sponge tissue separately, we are now going to examine, 
if some combinations of those factors can be realized. We will not 
take into consideration the uncertain factor of export, the ab- 
normal one of reduction and the but slowly working factor of 
growth, in order to combine the 3 principal factors of import, of 
multiplication and of dying: 

I. Import + multiplication can not be realized, of course. 

IJ. Import + dying is realized, together with growth, in nature 
in colourless sponges in darkness. See Table 6. 

II. Import + multiplication + dying is realized, together with 
growth, in nature in green sponges in light. See also Table 6. 
IV. Multiplication + dying can be realized by cultivating green 
and colourless sponges in flowing water from the conduit in light 
and in darkness for not too long a time; in this way the factors 
of import, (export,) reduction and of growth will be excluded as 
much as possible. These experiments are very important! Mor we 
will succeed in this way to transmute green sponges into colourless 
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ones by culture in darkness and colourless sponges into green ones 
by culture in light, with the smallest number of active factors 
possible. Consequently, we must succeed in explaining these pheno- 
mena, the interpretation of which has been sought for ever so long 
in quite a wrong direction (pag. 36—41), as being caused by the 
combined action of the multiplication and the mortality of the 
green algae in the sponge tissues, in light and in darkness. See 
Table 8, all nes (all green and colourless Spongillae and Ephy- 
datiae); generally of each sponge a piece was cultivated in light 
and another piece under the same conditions in darkness. In each 
piece the colour and mostly also the amount of algae in its 
tissues was accurately examined at the beginning and at the end 
of the experiment. 

In general we distinguish 3 types of sponges in respect to their 
behaviour during the experiments. In type I the green colour, 
so the number of green algae (as the experiments show), increases ; 
in other words the increase of green algae surpasses the de- 
crease. In type III the green colour and the number of green 
algae decrease, in other words the increase of the green algae 
is smaller than the decrease. In type II the green colour remains 
constant as well as the number of green algae, or the green 
colour or the number of green algae changes a little by increase 
or decrease; in the last case but one we may speak of a type 
II'; in the latter of a type IIrr. 

We see from the table: 

A. 1. From 92 Spongillae, cultivated in light, behaved like 
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If we consider, however, that under type II 21 already ori- 
ginally green coloured sponges occur — in which some decrease 
of the green colour could probably have been observed very well, 
some increase but very difficultly — we are justified in neglecting 
those 21 specimina. Than we would find: 
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From 71 (= 92 — 21) sponges in light behaved like 
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Consequently, in the greater majority of Spongillae, when culti- 
vated in light, the increase of the green algae proves to surpass 
the decrease. Accordingly, we saw that in light: a. most colour- 
less to light-green Spongillae (61) became greener (or at least 
increased in number of green algae); but once this did not happen; 
b. most green Spongillae (23) maintained their colour; but in 7 
sponges the green colour diminished (so here the decrease of the 
- algae surpassed the increase). 

2. From 32 Spongillae cultivated in darkness behaved like 
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Consequently, in the greater majority of Spongillae, when cul- 
tivated in darkness, the increase of the green algae proves smaller 
than the decrease. Accordingly, we saw that in darkness: a. most 
green to light-green Spongillae (25) lost, or at least diminished, 
their green colour; only once it remained constant; b. the colour- 
less Spongillae (6) remained colourless, though in 4 pieces the 
number of green algae appeared to have somewhat increased. 

B. 1. From 84 Ephydatiae cultivated in light behaved like 
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Consequently, in the majority of the Ephydatiae also, when cul- 
tivated in light, the increase of the green algae proves to sur- 
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pass the decrease. Accordingly, we saw that in light: a. most 
colourless to light-green Ephydatiae (15) became greener (or at 
least increased in number of green algae), that but few specimina 
remained colourless (3) or even decreased in number of green 
algae (3), while others became greener in the beginning in order 
to lose their colour entirely afterwards (4); b. the green Ephy- 
datiae sometimes kept up (3), sometimes even increased (2), 
several times however considerably decreased (4) their green 
colour. So it proves that in general Ephydatia in light behaves 
like Spongilla; but that even under these circumstances it pos- 
sesses a strong tendency to become colourless. 
>. From 37 Ephydatiae cultivated in darkness behaved like 
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If we consider, however, that under type II 12 already origin- 
ally colourless sponges occur — in which some increase of the 
green colour could probably have been observed very well, but 
no decrease can possibly have been observed — we are justified 
in neglecting those 12 specimina. Then we would find: 

From 25 (= 387—12) sponges in darkness behaved like 
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Consequently, in the greater majority of Ephydatiae, when 
cultivated in darkness, the increase of the green algae proves 
smaller than the decrease. Accordingly, we saw that in dark- 
ness: d. most green to light-green Ephydatiae (11) lost their 
green colour, but 1 kept it up; b. the colourless Ephydatiae ge- 


nerally remained colourless (12) or even lost green algae (7); 
5 
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but in 2 specimina the number of these algae increased, while 
4 other ones became greener in the beginning in order to lose 
all colour afterwards. So Ephydatia in darkness proves to behave 
like Spongilla. 

C. Finally 8 sponges of unknown genus, cultivated in light; 
4 behaved like type I and 4 like type IL. Such a sponge cul- 
tivated in darkness behaved like type III. 


The results of our experiments may be resumed- as follows: 
1. Green Spongillidae remain green in light. 2. Colourless Spongil- 
lidae remain colourless in darkness. 3. Colourless Spongillidae be- 
come green in light. 4. Green Spongillidae become colourless in 
darkness. 5. When Spongillidae are cultivated in light, the increase 
of the green algae surpasses the decrease. 6. When Spongillidae 
are cultivated in darkness, the decrease of the green algae sur- 
passes the increase. I want to point out emphatically that these 
results were obtained by cultivating the sponges under such cir- 
cumstances, that the factors of import, export, reduction and of 
growth were almost entirely excluded. Consequently, the facts stated 
here must necessarily be explained by the two remaining factors: 
that of multiplication and that of mortality. Therefore the results, 
given in these factors, run in the following way: 


for green sponges in light and colourless ones in darkness: mu == mo (1) 

for light-green and colourless sponges in light: mu>mo (II) 

for green and light-green sponges in darkness : mu < mo (IIT) 
(mu = factor of multiplication, mo = that of mortality) 


Proceeding from formula I, we will now prove the exactness 
of the other formulae by means of the above obtained data 
(p. 55—56, 60, 61) concerning the factors of multiplication and 
mortality. This is quite simple. We proceed from a green sponge 
grown in an aquarium in light; for this formula (1) mu = mo is 
binding. What happens, when we transfer this sponge into an 
aquarium in darkness? Then this green sponge must pass into a 
colourless one — according to our data. We may symbolize this 
transition in this way: 
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green sponge in light: mu == MO 
V A 

green sponge transferred into darkness: mu <+)mo 
! ov 

light-green sponge in darkness: mu< mo 
|V 

colourless sponge in darkness: mu = MO 


/ 


Now the reverse: proceeding from a colourless sponge grown 
in an aquarium in darkness (so: mu — mo). What happens when 
we transfer this sponge into an aquarium in light? Then the 


sponge will become green: 


colourless sponge in darkness: mu = mo 
A V 

colourless sponge transferred into light: mu > mo 
| Bree Te: 

light-green sponge in light: mu > mo 
green sponge in light: mu = mo 


I am not going to treat this question at large now, for I will 
soon come back to it, when treating the behaviour of the sponges 


in nature. 


Having examined the 6 factors, ruling the number of sym- 
biotic algae in sponge tissue, as well as some of their chief com- 
binations, we will try to answer the above (p. 48) mentioned 
questions, concerning Spongillidae in free nature, by means of the 
data we have obtained in the mean time. 


1) < is stronger than <<, @ is stronger than <. 
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I. The question, why green as well as colourless algae occur in 
sponges in light as well as in darkness. Because in sponges in 
light import, multiplication and dying of green algae takes place, 
import and dying in sponges in darkness. 

II. The very important question, directly corresponding with 
that of the foregoing pages, why in nature a sponge in light 
contains an excess of green algae, consequently it is green; why a 
sponge in darkness contains a small number of green algae, con- 
sequently it is colourless; how a green and a colourless sponge 
arise from each other. 

The data, we will make use of, concerning the factors of im- 
port ') (a) (pag. 50, 51), export (e) (pag. 52), reduction (7) (pag. 
52—53), growth (g) (pag. 53), multiplication (mu) (pag. 55—56), 
and of mortality (mo) (pag. 60, 61) are printed im italics on 
the pages mentioned here. 

I want to point out emphatically that all these data have 
been calculated per unit of time and per unit of sponge-volume, 
-while the facts resulting from Table 6 (pag. 46—48, point 1—11), 
which we have got to explain here, are also calculated per 
same units. 

We now imagine a sponge (containing an arbitrary quantity 
of green algae) keeping constant its colour, therefore its num- 
ber of green algae. For this number the following formula 
would be binding: 


it+r+mu=—e-+g-+ mo 


An equation of balance: the number of green algae added per 
unit of time in the unit of sponge-volume continually counter- 
balances the number which is substracted. Now we know that 
in nature a (green) sponge in light as well as a (colourless) sponge 
in darkness really keeps up its colour for a long time (pag. 35). 
Consequently, this formula is binding for their quantity of 
green algae. 


1) If the import in green sponges in light might prove greater than that in 
darkness (p. 51, note), the following argumentations would be binding a fortiori. 
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A. If in nature such a sponge containing an arbitrary number 
of green algae and growing in light — for its green algae 
then we have 7 + 7 + mu =e-+ gq + mo (I) — is transported into 
darkness, what is going to happen then? The multiplication of 
the green algae must then become much smaller (= + 0), the 
mortality much more intensive; while the import remains the 
same, also the export (at least in the beginning), but the growth 
of the sponge will probably decrease immediately and the reduc- 
tion remains the same (= 0). The original equation ¢ + 7 + mu = 
e+g-+mo passes into i+r-+ mu et g+ mo (IL). The ba- 
lance is broken, the sponge must continually lose green algae, 
therefore become more and more colourless. In consequence of 
this decrease of the concentration of green algae the import, the 
reduction and the multiplication do not change, the mortality how- 
ever decreases as well as the export, while also the factor of growth 
will be diminished; but the formula i+7-+mu<e+g-+ mo 
remains binding (III). Consequently, the end of this process must 
be that all green algae disappear from the sponge tissues, the 
sponge itself becoming perfectly colourless. Then, of course, 
also the second part of the formula e+ g + mo must decrease 
automatically till it has become equal to i+7-+ mu, so till a 
balance i+ r + mu=e+ g + mo is re-established (IV); but now 
_ another than the original one. So the mortality must have dimi- 
nished; nevertheless it is then still stronger than in the begin- 
ning (p. 59), and rather considerable. When this state of per- 
fectly colourless sponge in darkness is reached, the import is 
still rather considerable, the factor of growth has diminished 
still more and the multiplication, the reduction, and the export 
are + 0. In stead of ir 4 mu=—=ed gt mo we may put 
t= g-+mo; in fact even 7 = mo. In other words, in such a 
colourless sponge in darkness the whole import is always counter- 
balanced by the mortality (and the growth). 

We may symbolize the transition mentioned, in the fol- 
lowing way: 
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(I) green sponge in light: t+r-+mu=e-+ 9g + mo 


| ibis (ao II VEER 
(II) green sponge transported into darkness: i+r+mu@e+g+mo 


J ze AR 
(III) light-green sponge in darkness: i+r+mu<e+g-+mo 

5 see 

rm 


lo AEN 
i+0+ 0 =0 Hg + mo 
(IV) colourless sponge in darkness: \ Il |E 
d = g + mo 
| 


|; = mo 


From this we see that, if in nature a sponge containing an 
arbitrary number of green algae, so a more or less green sponge, 
which grew in light and kept up its colour, is transported into 
darkness, it must unavoidably lose all its green algae and accord- 
ingly become colourless itself, especially in consequence of a very 
much decreased multiplication and a strongly increased mortality 
of those algae in darkness. When all green algae have disap- 
peared, the sponge is able only by continually importing new ones 
from outside to keep up a very small number of green algae in 
its tissues, as these too continually disappear by dying (conf. Table 
6 and p. 47, 3). 


B. Now the reverse. What will happen, when a sponge in 
nature containing an arbitrary small number of green algae, 
which grew in darkness and kept up its colour, is transported 
into day-light ? In darkness the formula 7 + 7 + mu=e + g + mo (I) 
was binding for its green algae. Now, in light the multiplication 
of the algae must become much more intensive, the mortality 
‘much lower, the import remains the same, also the export (at 
least in the beginning), while the factor of growth (in the be- 
ginning) as well as the reduction (= 0) remain the same. The 
original equation 7 + * + mu =e-+g9-+mo passes into 7+ 7 + 
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mu>e-+g-+mo (II). The balance is broken, the sponge keeps 
more and more green algae, therefore becomes green itself. In 
consequence of this increase of the concentration of green algae 
the multiplication increases, the mortality, the import and the 
reduction remain the same, but the export and certainly also the 
factor of growth must increase little by little. The formula 
i+r+mu>e-+ g+ mo however remains binding (IIL). The end 
of this process must be, that the sponge lodges an excess of green 
algae in its tissues, it therefore becomes dark-green itself; even 
there would not seem to come an end to the increase of the 
number of green algae in this way. That is impossible, of course; 
in such a dark-green sponge the factors must change in such a 
way, that at last this perpetual increase ceases. This changing 
is again the consequence of this great increase of concentration 
of the green algae: although the multiplication has still increased — 
it is considerable and much more intensive than in the beginning 
(Table 10) — and the mortality has remained the same — it 
is moderate and much lower than in the beginning (pag. 59) —, 
the factors of growth and export have certainly strongly increased, 
while the import has remained the same (rather considerable) as 
well as the reduction (= 0). In this way a new balance 7+ r+ mu 
—=e¢-+g-+ mo must arise in the dark-green sponge in light (IV) — 
of course another than the originally existing one. 

We may again symbolize the transition mentioned, in the fol- 


lowing way: 


(1) colourless sponge in darkness: ir MUCH YH Mo 
Balans Tele 

(LL) colourless sponge transported into light: i+7+ | mu et g + mo 
Wen: AI ionen 


(III) light-green sponge in light: t+r+ | mu>e+g+mo 
| I | ACSIA ARE 
(IV) green sponge in light: tt+r+ ‘mu=e+g9+mo 


0 


(2 


In this way we find that, if in nature a sponge containing an 
arbitrary small number of green algae, so a more or less colour- 
less sponge, which was growing in darkness and kept up its colour, 
is transported into daylight, it must unavoidably accumulate a 
large quantity of green algae in its tissues and therefore become 
dark-green’ itself, especially in consequence of a strongly increased 
multiplication and a much decreased mortality of those algae in 
light. When the whole tissue is crammed with green algae, the 
various factors ruling their number change in such a manner, 
that a new balance is established; these changes are an increase 
of the growth of the sponge and perhaps also of the export of 
green algae. 

(I have always put the export to account. It is, however, an un- 
certain factor, as I have stated. One may therefore leave it out 
entirely. That would be of no consequence to the argumentation). 


Up to now my argumentations have set forth from sponges, 
which kept up their colour and, therefore, showed the equation 
of balance for the number of their green algae (p. 68). But the 
same can be proved for sponges changing their colour: as we 
proved that a dark-green sponge from light becomes colourless 
in darkness, it is a matter of course that a sponge, which grew 
green or colourless in light (therefore, a still more or less light- 
green sponge) must also become colourless in darkness; while the 
reverse will be the case for sponges, which were growing colour- 
less or green in darkness, and were then transported into day- 
light. The questions, why in general a green sponge in light 
remains constantly green, and a colourless one in darkness con- 
stantly colourless (Cr + mu =e-+ g+mo), have in fact been 
answered already above under B and A (pag. 69—72). Also other 
questions may be proposed and answered in the same way. 


_ We have stated now, that (and why) generally in nature 1. sponges 
in darkness must become colourless and sponges in light green, 
2. green sponges in light and colourless ones in darkness must 
keep up their colour. 
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(L want to point out emphatically that, up to now, I have 
exclusively spoken about the normally occurring cases; I will 
treat the exceptions below.) 


III. Now we come to the question, why in nature a sponge in 
light — so a green sponge — contains a moderate number of co- 
lourless algae and a sponge in darkness — so a colourless one — 
rather a large number of these algae. 

Also here we can make use of an equation for the number 
of dead (colourless) algae: 


> 
a+r+mo=e+gid 
< 


(The letters stand for the same as in the formulae above; 
d means the number of colourless algae disappearing (by solu- 
tion) in the unit of time from the unit of sponge-volume). 

We know, however, that i—0O (pag. 51), r =O (pag. 53), 
e— + 0 (pag. 52), and d= + 0 (at least before the sponge is full- 
grown: pag. 57). So we get: 


mo = g 

of course it is (p. 57), : 
eg. for a green sponge in light: mo > g 
ea ae 
consequently for a colourless one in darkness: mo > g 


as: will show from the data given on pag. 60—61 and 53. So we 
see that in the same time the number of colourless (dead) algae 
must increase much more in the sponge in darkness than in that 
in light. 

Lateron I will treat, why the number of colourless algae with 
structure remains constant during the development of the sponge 
tissue (chapt. VIII). Why that of the colourless ones without 
structure increases is mentioned on pag. 56—57. 
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IV. Why does the number of the various (green and colourless) 
algae always show a decrease in the gemmule stage? 

As for the green algae, we may symbolize the transition of a 
colourless sponge in darkness into the gemmule stage as follows: 

i+r+mu=e+g-+mo 
| he alls spoil 


colourless sponge in darkness: 


| os [6 -4.0--b +0 = OS ae 
Won INE ol foe 

young colourless gemmule in darkness: 0 + 7 + 0 0+ 0+ mo 

Md! eee fen 

old colourless gemmule in darkness: 0 40 +0 <¢ 0+0+4mo 

AS Ie: PE 

germinated gemmule in darkness: 7+0+ 0 0+ g + mo 


Consequently the green algae must entirely disappear from old 
colourless gemmules in darkness, in order to re-appear immediately 
in small numbers, when the gemmules have germinated (conf. 
pag. 47, 3). 

The transition of a green sponge in light into the gemmule 
stage may be symbolized: 


(RSS 


green sponge in light: lot dhe 
| iom 

ACTEN View. 
young green gemmule in light: O+r +mu 0+ 0 + mo 
WMV Meilen 
old green gemmule in light: 0+0+0 {O0 + mo 
J hole Ae ee 
germinated gemmule in light: 7+ 0+ mu e+g + mo 


Consequently, the number of green algae must decrease in old 
green gemmules in light, but probably increase immediately after 
the gemmule has germinated (conf. pag. 46, 2). The fact, that 
the multiplication of the algae stops in old green gemmules, is 
stated on pag. 46, 2. There are several reasons possible for it; 
none of them can be proved, however. 
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The decrease of the number of colourless algae with structure 
in the gemmule stage will be explained lateron, when speaking 
about the cause of the dying of the algae in sponge tissue. But 
I want to remind that we concluded (pag. 42) that this dying 
is closely related to the life of the sponge; and we know that 
the gemmules are stages of rest of the Spongillidae. So it is 
evident that probably herein is the cause of the decrease of 
the mortality during that period. That the total amount of dead 
(colourless) algae (without structure) decreases in the gemmule 
stage, has been explained already on pag. 57. 


In this way we have proved with the help of the data we ob- 
tained, when studying the 6 factors (of import, export, reduction, 
growth, multiplication and mortality) ruling together the number 
of the symbiotic algae in sponge tissue: 1. Why in nature the 
Spongillidae must contain such an amount of the various green 
and colourless stages of the symbiotic algae in liyht and in dark- 
ness, as we have experimentally stated on pag. 46—48, point 1—11. 
2. How in nature these sponges keep up their „colour” (green or 
colourless), and how both „coulour”-types arise from each other 


(pag. 35). 


As mentioned above, up to now I have exclusively treated the 
cases normally occurring in nature, viz. those of green sponges 
growing in light and colourless ones growing in darkness (pag. 46). 
We stated, however, that sometimes green sponges might be found 
in nature in darkness and colourless ones in light (p. 41); and 
in Table 8, pag. 63—66, that as an exception to the rule green 
sponges may become less green in light and colourless ones more 
green in darkness. How is that to be explained? 

We saw that the amount of green algae, so the colour of the 
sponge, is ruled in nature by the proportion (i + 7+ mu) : (e + 9 
+ mo) and in my experiments by mu: mo. We must consider, 
however, that each of these factors is depending on numerous 
circumstances. These circumstances proved in general rather con- 
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stant — for we could deduce several generally appliable rules 
concerning these factors, by which could be explained the nor- 
mally occurring cases of changing or remaining constant of the 
number of green algae in sponge tissue (in light or in darkness). 
But this fact does not at all exclude the possibility, that these 
circumstances do change — as an exception. In such cases our 
rules, deduced for normal circumstances, would not be binding 
of course. 

In such a way one will have to explain the abnormalities 
mentioned. When analyzing now the amount of algae present in 
these cases (Table 6B), we find: in green sponges in darkness 
the multiplication to be normal — very slow — but the mor- 
tality abnormally low; in colourless sponges in light, on the 
contrary, an abnormally slow multiplication and a normal mor- 
tality. By these facts the abnormalities become already more 
conceivable. 


VIII. THE NATURE OF THE ,SYMBIOTIC” ASSOCIATION OF SPONGE 
AND GREEN ALGA; ITS USE TO THE ALGA AND TO THE SPONGE. 


This part of my investigation has indisputably been the most 
difficult one. Only after much groping, I succeeded in finding a 
way out from the labyrinth of facts, which bear upon these pro- 
blems; not by lack of points of issue, but even more by their 
great number, however partly leading — at first sight — in 
opposite directions. 


a. 


I will begin with the use which the symbiotic” association 
offers to the alga. 

In the first place this question: How shall we state whether the 
algae are in better conditions in one milieu — eg. a sponge — or 
in another? We want to state the use of the ,symbiosis” to the 
alga, in other words: if the alga is in a better condition in the 
sponge tissue than in the water. Which phenomenon on the alga 
shall we take as criterion? 


ri 


Only two criteria are to be considered, as being most self- 
evident: 1st the intensity of the multiplication of the algae, 
2nd the total increase of an algal-culture within a certain time. 
It appears less desirable to me to accept a criterion in the ap- 
pearance of the algae, viz. in the more or less normal or dege- 
nerate condition in which they are, as it must be very difficult 
to apply. 

So there remains: the intensity of multiplication (the number 
of stages of division per 100 green algae, see p. 54) and the 
total increase of an algal-cultwre. Perhaps one will suggest 
that both these criteria come to the same in fact; but this is not 
the case at all. The intensity of multiplication gives a way of 
measuring the favourableness of the conditions under which every 
alga individually lives, for instance of the feeding milieu (apart 
from factors which, in short, destroy those algae). The total in- 
crease (or decrease) of an entire culture, however, is a measure for 
the favourableness of all factors, which possibly can be of any 
influence to the algae. So it may be that, though an alga finds 
somewhere a favourable feeding milieu, by which it multiplies 
rapidly, the whole culture is exposed to such a degree to the 
gluttony of protozoa, that after all the number of algae is de- 
creasing instead of increasing. 

So it is most important to apply both criteria in our investigations. 


Comparing a sponge (in light) and lake water (in light) with 
regard to the question we are treating presently, we notice first 
and premost the enormous difference in concentration of the green 
algae. The sponge is grass-green or dark-green, the water from 
the lake never has a green tint; the sponge contains numbers 
of green algae in its tissue (one could take 3 X 10"! green algae 
per litre), the water from the lake only 4000 per litre (p. 28), 
at the end of July. : 

I have stated in chapter VII, that sponges in nature constantly 
increase their number of green algae by import. So at any rate 
the accumulation of algae in a green sponge is already partly 
explained by this mechanical process. But import only is not 
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sufficient — just think of the colourless sponges in darkness with 
an import just as large (but with a much smaller multiplication 
and a much greater mortality) — also a rather considerable 
multiplication is required and low mortality. 

What about this multiplieation and this mortality of the green 
algae in a sponge, compared with those phenomena in algae free 
in the water? Is in light the intensity of multiplication in a 
sponge larger, the same or smaller than in water? 

For this see Table 10, to which I have already referred 
several times. In this table there is given every time in column 1 
the intensity of multiplication of the green algae for a sponge in 
the light (and in the dark) and for a culture in water from the 
conduit or from the lake in light (and in darkness). From that 
we see that in most experiments the intensity in the water is 
ever so much larger than in the sponge; in the latter it is 
generally below 15, in water it amounts to 20—35! 

Let us, for the present, not ask how that phenomenon in caused ; 
at any rate it goes without any doubt for these experiments. 
Now what about the total number of green algae when cultivated 
in light in sponge and in water? See Table 10, column 3. That 
number proves, notwithstanding the much larger intensity of mul- 
tiplication in water, in general in water less increased than in 
the sponge. So it cannot be otherwise than that the algae, which 
have much more multiplied in water, must also have been more 
destroyed there, in some way or other, than in the sponge. (With 
all these experiments the factors of import, export, reduction and 
of growth were excluded as much as possible). So all things 
together, the algae in the light are in more favourable conditions 
in the sponge than in the water; really the sponge must protect 
its algae against destruction '). 

This fact must also inevitably appear, when we notice that, 
according to Table 8, entirely colourless sponges with only few 


1) To get this result purely, we must compare the algae with equal begin-concen- 
tration in sponge tissue and in water from conduit, of course, after they have been 
cultivated for the same time and at the same temperature. Then consider what is stated 
in the following pages (p. 82—88). 
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green algae, cultivated in light in water from the conduit (so 
excluding import), soon show a larger amount of green algae 
than the water of the lake ever possesses. 

It is rather well conceivable, although not quite sure, against 
what the sponge protects its algae. A priori one supposes this 
protection to be against protozoa and other small fresh-water 
organisms which will swallow the algae. Also in my cultures I 
have got an indication for this, as shown in Table 9 B. There one 
sees, among others, an algal-culture in light in small concentra- 
tion in water from the lake, which the 2nd week consisted of a 
thin green membrane surrounded by a (newly formed) darker 
green rim. During the 3rd week, however, first the rim and next 
also the membrane suddenly begins to disappear. Now, numerous 
protozoa prove to have grown in the culture; among which there 
are some filled with the green sponge algae. About a week later 
the whole algal-culture has almost been destroyed; numbers of 
degenerate algae remained, while the protozoa disappeared for 
the greater part. 

Besides, there exists also a means of protection for the sym- 
biotic algae within the sponge body against other enemies, not 
enemies which will swallow them, but which cause their destruc- 
tion in some other way: diatoms and ordinary algae. Above 
(p. 43, 45 and Table 5) I treated already, how the sponge algae 
were killed by an infection of diatoms or algae arising in the 
_ culture. I do not venture to decide, to what this influence must 
be ascribed; one might suppose to (lack of food or to) poisoning 
by products of metabolism, especially as the same thing happens 
when mould-infection occurs (p. 43). It is obvious, now, that this 
influence of the infecting algae and diatoms will be stronger in 
light than in darkness; which, moreover, appears from Table 4. 
So it might be possible, that a culture of symbiotic algae in 
water and in light, with of course a high intensity of multipli- 
cation, has in fact less increased after some time — by the hurt- 
ful influence of luxuriantly growing algae and diatoms — than such 
a culture in darkness, with but a small intensity of multiplication. 
In Table 10 there are indeed some of such cultures to be seen. 
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So here we have such an (apparently) paradoxal phenomenon, 
as treated above in consequence of the comparison between multi- 
plication-intensity and total increase of the algal-culture in a 
sponge and in water; indeed, here too we found a smaller total 
increase with a larger multiplication-intensity of the symbiotic 
algae (in water). 

So one proof more, that this intensity of multiplication 
and this total increase are independent factors; while, what 
we treated just now, gives even more support to the above 
mentioned opinion, that the protection of the symbiotic algae by 
the sponge is, among others, also meant against diatoms and 
ordinary algae. 

It stands to reason, that this protection must now not be taken, 
as if there are no algae destroyed in the sponge itself. Of course 
this does take place, as we saw, eg. on p. 46—48. 


On p. 78 we saw that in the cultures of Table 10 the intensity 
of multiplication of the green algae in light was generally much 
higher in water than in the sponge tissue. I have purposely 
omitted till now treating the cause of it, to evade unnecessarily 
complicating the question we were about. 

Very likely that cause is not, 744 be found in the milieu, in the 
sponge or the water, buis In the concentration-difference of the 
alzae themselves (see p. 55). It might seem to be very difficult, 
almost impossible, to directly compare the concentration of the 
algae in water and in the sponge tissue somewhat accurately. 
Nevertheless, I believe to have succeeded rather well; and I so 
came to the conclusion that in fact in the light, in an equal, 
strong concentration of the green symbiotic algae, their intensity 
of multiplication in water and that in the sponge are probably 
the same. 

In the first place we see that in Table 10 there are also cases 
to be found in which the intensity of multiplication in the sponge 
is just as high as that in water, or just the reverse, that the 
intensity in water diminishes down to that in the sponge. The 
first regards sponges with weak concentration of the green algae 
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— consider both begin- and final concentration —'); the latter 
cultures with a stronger concentration, compared with other cul- 
tures. So we see that, when we consider the concentrations, the 
found intensities of multiplication in sponge and water seem to 
approach each other. This appears even more clearly, when we 
compare some intensities in the sponge tissue found in Table 10 
with the intensities in water with different concentrations of the 
algae, stated in Table 9. (Here the concentrations have namely 
been more accurately established.) We then see that in the sponges 
3371, 3381, 347, 3701, 416, ete., all of which are sponges with 
weak concentration of the algae, a multiplication-intensity ruled, 
which was equal to, even larger than that of the algae in a 
strong concentration in the water-cultures of Table 9. So this 
was an indication the more in the above mentioned direction. 
The question was how to compare these concentrations of the algae; 
so in a culture in water, that is (p. 10) a membrane attached to 
bottom, and in a more or less green sponge. Of course it is impos- 
sible to fix the number of algae in equal volumes of sponge and cul- 
ture. There only remains the comparison of the colour. Thereto 
one should consider that one can state the colour of the green mem- 
brane on a white and on a dark background. For a colourless or a 
green sponge one can say, that the background is white (creamy). 
Therefore the sponge may be compared directly, as regards its 
colour, with a membrane on a white (creamy) background. 
Apply this on Table 9. It then appears, that in A the mem- 
brane in the strong concentration on a white background is yellow- 
green to light-green, the rim (just as the sponge) dark-green ; in 
the weak concentration the membrane greenish, the rim light- 
green to green. In B the sponge is dark-green, the membrane in the 
strong concentration on a white background green to light-green ; in 
weak concentration the membrane greenish, the rim light-green. 
Let us now stick to Table 9 A; this one has been continued 
longest and is the most accurate, as there was no question about 
infection, as was in the other one. So we see that with a dark- 


1) Nos 3361, 341, 3651, 375, 376 should be neglected as being abnormal. 
6 
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green colour, so in a concentration s. of the algae, the intensity 
of multiplication is the same in the sponge as in the water- 
culture, viz. about O—6.5 (once 9), on the average 2 in 
the sponge, in water 2.8; with a yellow-green to light-green 
colour, so in a concentration m., in water about 7—20 (once 28), 
13 on the average; with a greenish colour, so in a concentration 
w., in water about 29—39 (once even 45) and 33 on the average. 

We should also apply this method to Table 10 and first to the 
sponges in light, considering again both, begin- and final con- 
centration of the algae. We then find in a concentration s,—s, 
of the algae in the sponge a multiplication-intensity (in 22 
out of the 23 cases) of about 0—7 (once 9), 2.6 on the average; 
in a concentration m.—s. (in 14 out of the 18 cases) of about 
5—11 (once higher, 3 times lower), 7 on the average; in a 
concentration w.—m, (in 12 out of the 15 cases) of about 9—17 
(once lower, twice very low), 10.7 on the average; in a concen- 
tration w.—s. both very low values for the intensity of 3 and 7; 
and finally in a concentration w.—w. (in 3 out of the 4 cases) 
an intensity of about 15—20 (once lower), 15.5 on the average, 
while the experiments n°. 3361, 341, 36511, 3751, 3761, with 
the concentration w.—w. and their multiplication-intensity of 0, 
should be neglected as being abnormal (p. 75—76). For the cul- 
tures in water from the conduit in light we find: in a concen- 
tration s.—s. an intensity of 1; in a concentration m.—m. of 
11—23, 15.7 on the average; in a concentration w.—m. of about 
19—28, 23 on the average; and in a concentration w.—w. an 
intensity of about 17-37 (once 10), 25.2 on the average. For 
the cultures in lake water these values are generally lower; as 
also in Table 9 B. 

One will acknowledge that, considering the rather coarse way 
of comparing the concentrations of the algae in the sponge tissue 
and in the water cultures, their multiplication-intensities for the 
strohg concentrations (s.—s. and m.—s.) in sponge tissue and in 
water do mutually correspond very well in Table 9A and 10'); 


1) In fact we ought to have stated them separately in Table 10 for each series of 
experiments (p. 54); the result, however, would have been the same. 
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while those for the weak concentrations (w.—m. and w.—w.) 
are lower in sponge tissue than in water. But, of course, the 
correspondence of the intensities for the concentrations s.—s, and 
m.—s. is the most decisive. So we are justified in concluding 
that the symbiotic algae multiply in light in equal, strong con- 
centration within the tissue of the sponge about just as quickly 
as in water; but in equal, weak concentration in the sponge less 
quickly than in water. From this we may also. deduce (p. 77) 
that the feeding milieu for the alga is in fact not more favour- 
able in the sponge than in the water, but about just as favourable 
or even less favourable. That it is not more favourable, also very 
clearly shows from the fact, that the algae multiply in darkness 
less quickly within the sponge tissue than in water (Table 10, 
enf. Table 6, col. 2 and Table 4 B, col. 4). 

It is a matter of course that the above proved fact about the 
protection, which a sponge in light gives to its algae, does not 
lose anything of its validity, now that we have shown that the 
greater intensity of EO in water, which | occurs in 
these experiments, is not "ekplained by the milieu buf, ; simply by 
the concentration-differences of the algae (see note p. 78). 

But what about that protection (p. 78) in darkness? It appears 
from Table 10, col. 3, and also by comparing Table 4 B and 8 
that — contrary to the result in light — the algae in darkness 
are in much less favourable conditions in the sponge than in the 
water; in the sponge all algae are destroyed within short (p. 70). 


As final conclusion t) we may give this one: In darkness the 


1) Im fact we should have stated this not only by comparing the behaviour of algae 
when cultivated in water from the conduit and in sponges in water from the conduit, 
but also by comparing their behaviour in lake water and in sponges in lake water, 
This, however, is impossible, as we can cultivate sponges only in pure streaming water 
(p. 9), and as, moreover, the factor of import cannot be excluded in experiments in 
lake water (p. 11). But in any case we know that the feeding milieu is less favourable 
to the algae in lake water than in that from conduit (p. 82), and that in light the 
_algae are also in less favourable total-conditions in lake water (than in that from 
conduit) (Table 10, col. 3). From which perhaps might follow that in light the de- 
struction of the algae in lake water is about just as large as in that from conduit, 
at least is not weaker. 
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»symbiotic” association of Spongillides and alga offers much less 
advantage to the alga than a life free in the water, as in the sponge 
all algae are destroyed. In light, on the contrary, that symbiotic” 
association offers more advantage to the alga than a life free in 
the water; but that advantage only consists in the fact, that the 
sponge protects the alga against destruction, by enemies for in- 
stance. The milieu — the feeding milieu ae on the contrary, is 
in the sponge not at all more favourable to the alga than in the 
water, neither in light nor in darkness, but about just as favour- 
able or even less favourable. When further we know, that also in 
light algae are constantly destroyed in the sponge — though less 
than in the water — we must conclude, that from the point of 
view of the use to the alga that association with the sponge cannot 
be called at all a symbiosis in the meaning of that of the Lichens. 
In light the alga, so to say, has chosen the least of two evils ; 
one cannot say more. 


6. 
- We have now come to the still more complicate question of the 
use of the ,symbiotic” association to the sponge. 

I will begin with mentioning all the facts regarding this question. 
After that we shall see, if all these different data can be united 
into one conception. 

1. On p. 25 I have mentioned already that the green sym- 
biotic algae of the Spongillidae lodge oildrops, which they form, 
as p. 20 shows, by photosynthesis. 

2. The colourless algae may also show oildrops (p. 36); but 
in general not so often as the green algae; while of these co- 
lourless ones those, which kept their internal structure, show 
them more often than the colourless ones, the structure of which 
has got lost. This may appear from the following analyses of 
green Spongillae taken from the light, by which the number of 
algae with oildroplets is given per 100 algae which have been 
tested. ; 
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With a view to what we shall treat later on, I want to add, 
that here almost exclusively algae were examined, which were 
situated free in the protoplasm of the lodging amoebocytes, so 
not in vacuoles. 

3. Also in the amoebocytes of green sponges, so in amoebocytes 
overladen with green algae, there occur numbers of refractive 
oildrops lying free in the protoplasm; see Table 12 and 13. They 
are not stained by I in I K sol., but they become red with sudan 
III in alcohol and gray-black with osmic acid (see note p. 25), 
and are blue-green, when not stained and the microscope is well 
adjusted — just as the oildroplets of the algae. They also have 
the same diameter (0.4—1 u) as these ones, although the larger 
specimina seem to occur more in the algae than in the amoebo- 
cytes. Further the oildroplets of the amoebocytes very often 
seem to be still much more refractive and sharper outlined than 
those of the algae. This might show, that the oildroplets from 
alga and amoebocyte are not identical. 

Next I want to mention that, although these _,oildroplets” 
(of alga and sponge) will consist for the greater part of oil, 
one still has to consider the possibility, that they might possess some- 
thing as a plasmic stroma or cover, as is also given for instance 
for the milk-globules. Also the above mentioned (p. 26) colouring 
of the oil-droplets by haematoxyline makes us think of that. 

4. How often I have paid attention to it, I have never been 
able to see the slightest trace of an oildroplet being ejected by 
the symbiotic algae. Also the supposition, that such a phenomenon 
might be possible, does not sound very likely — for we have 
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found a cell-wall round the alga (p. 26), and even without that 
it is very unlikely already —. Still I have obtained a number 
of observations with cultures of isolated green algae, from which 
seems to follow that sometimes the number of oildroplets, which 
occur outside the algae c.q. free in the membrane at the bottom 
of the culture, rises and lowers with the number of oildroplets 
within the algae, that is to say with the number of algae lodging 
such a droplet. See Table 11. 

In general, namely, the free oildroplets seem to disappear very 
soon from an algal-culture. Quite intelligible, for instance by the 
action of bacteria. Further it appears, that these free droplets 
can only be numerous if there are also numbers of algae con- 
taining an oildrop; if the number of the latter lowers— which 
always happens when the algae are vigorously dividing — that 
of the former seems to necessarily follow immediately. Is the 
reverse the case (with rising, namely), this need not absolutely 
take place. Sometimes however this happens in quite a striking 
way. I will give an example: A culture in light of numerous 
green algae, several of which carry an oildroplet, very rarely 
shows a free oildroplet. After 10 days the number of green algae 
with oildroplets has increased very considerably, the number 
of free oildroplets also to rather a great number. Two cultures 
are made then out of this one, and one of them is placed in 
light under favourable, the other under unfavourable conditions. 
After two weeks again the first culture shows a particularly high 
number of green stages of division of the algae, consequently a 
small number of algae with oildroplet, and also a small number 
of free oildroplets; the 2nd culture on the contrary contains no 
stages of division, numerous algae with oildroplet and rather 
a great number of free oildroplets. Now follow the first of these 
two cultures. After a month this one shows very seldom a stage 
of division and consequently a great number of algae with oil- 
droplet; yet free oildroplets are only present sporadical; but three 
months later, when dividing-stages lack and thus oildroplets still 
appear in a great number of algae, the free oildroplets have be- 


come rather numerous again. 
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By these observations one will acknowledge, that there seems 
to be some relation between the number of oildroplets inside and 
outside the green algae. What relation — in the experiments under 
consideration — is not yet quite clear to me. I consider direct 
ejection of the oildroplets by the algae to be excluded, not only 
because of what I mentioned above, but even more because of 
what I am going to say (5). I believe, that this relation is 
more likely to be in the stages of ,solution’” of the algae, 
the colourless ones with and without structure, about which I 
spoke on p. 42 and 43. There are also some indications for it in 
Table 11. 

5. Also in the amoebocytes of colourless sponges, so in amoe- 
bocytes with but few green algae, there are numbers of oildroplets 
in the protoplasm. In Spongilla their average number in these 
amoebocytes of colourless specimina from darkness is even some- 
what higher than in the amoebocytes of green sponges from the 
light, i.e. than in amoebocytes filled with green algae (in which 
the oildroplets are formed). See Table 12. From this follows that, 
very likely, there is no question at all about ejecting of oil- 
droplets (or their constituent parts) by the green algae; for if 
this were really the case, the amoebocytes of green sponges from 
light had to contain ever so many more oildroplets than those of 
colourless sponges from dark, while on the contrary the latter 
appeared to lodge even more than the former. 

Perhaps one might be inclined to explain this last fact as being 
caused by a larger consumption of the oildroplets in a green 
sponge in light than in a sponge in dark. In the first place I 
have to answer then that, as the amoebocytes are exactly the 
cells in which the green algae are especially to be found within 
the sponge body (p. 16) — which cells therefore may be con- 
sidered as being the place of production of the oildroplets — at 
any rate at least in them there should still be something to be 
seen of that larger production in green sponges in light. And in 
the 2nd place it would be a mere chance, that this supposed 
increased consumption of oildroplets in a green sponge in light 
should exactly counterbalance the ever so much larger produc- 
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tion (which is not at all under the control of the sponge). Besides, 
what might be the reason for that larger consumption? Perhaps 
this reminds of the fact mentioned on p. 53, that green Spon- 
gillae in light often prove to grow much quicker than colourless 
ones in darkness. But growth is always only a consequence 
of, among others, the quantity of food disposable; in other 
words: if really the lesser growth of the colourless sponges were 
the consequence of the smaller quantity of oildroplets they can 
dispose of, it would be a very singular fact that there is still 
rather a large number of those oildroplets left in the amoebocytes 
of such a colourless sponge, that there is even more left than in 
a green sponge in light! Besides, an organism especially wants 
protein to grow and not so much fat (or carbohydrates). Last not 
least, I have to propose another question, much more important, 
in case one sticks to the opinion, that the oildroplets really get 
directly from the green algae into the amoebocytes; this question 
namely, how — if this supposition were right — the very few 
green algae, which are present in a colourless sponge in darkness 
(or twilight), could possibly procure all those oildroplets, which 
we find in the amoebocytes of that sponge; while, moreover, 
those algae can hardly photosynthesise there, even will have to 
die very soon (p. 70). Consequently these few green algae almost 
exclusively dispose of the oildroplets, which they already carried 
when imported from the outside to within the sponge, and 
which in dark they are certainly not going to give immediately 
to its tissues! As we are thus obliged to find for the colourless 
sponge another explanation for the presence of oildroplets in the 
amoebocytes, the suggestion is very likely, that this (other) ex- 
planation will also prove to go for the green sponge. Besides, 
the whole supposition of oildroplets being ejected by the green 
algae by itself sounds rather unlikely, as I stated already above 
under point 4. 

But lateron I will mention quite another, much more logical 
way, in which the amoebocytes do get really their oildroplets 
from the algae (p. 98—99). 

All that is stated sub 5 about ejecting oildroplets by the green 
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algae counts as much, without any change, for ejecting (dissolved) 
carbohydrates, from which one might think the oildroplets ori- 
ginating. I shall return to this lateron (11—13). 

6. From the same Table 12 it also appears, that in the amoe- 
boeytes of Spongillae the number of oildroplets in young tissue — 
the branch-tops (p. 16) — is a trifle smaller than in full-grown 
tissue — the branch-bases —; that it is however at its largest in 
young, old and newly germinated gemmulae, but that it strongly 
diminishes in the stages of development which follow. Consequently, 
the oildroplets seem to be consumed by the tissue of germinated 
gemmulae. 

4. While on the one side it appears from Table 12 that the 
number of oildroplets in the amoebocytes is not in correlation 
with the number of green algae carrying an oildroplet — as 
shown above under 5 —, on the other side we can conclude from 
the same table that apparently that number of oildroplets (in 
amoebocytes) is in some correlation with the number of colourless 
algae without structure, so with the number of dead algae, in 
the sponge tissue. This would all at once explain the queer fact, 
mentioned under 5, that in the amoebocytes of colourless sponges 
from darkness there are somewhat more oildroplets than in those 
of green ones from light; for we know (p. 59), and it appears 
again from this. Table 12, that in a sponge in darkness- there 
are more green algae dying than in light. But also the facts 
mentioned under 6 could be explained in connection with this: 
in the course of the development of a sponge the total number 
of dead algae is constantly increasing, according to p. 57, with 
a considerable decrease in (or shortly after) the gemmule-stage 
(this also appears in Table 12); so the same should happen to 
the number of oildroplets per amoebocyte. 

Which, however, is the right connection between the number 
of oildroplets in the amoebocytes and the dying of the green 
algae, why this connection must necessarily exist, can only be 
treated lateron, when I have mentioned all facts concerning it. 

8. In the sponge-tissue occurs a lipase, a fat-splitting enzyme. 
In Table 13 one finds, how I have pointed out its presence. 
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9. The oildroplets appear to be more numerous in the choano- 
cytes, the collar-cells lining the flagellated chambers, than in the 
amoebocytes. See Table 14. Perhaps this might make one suggest, 
that all oildroplets in the sponge have been taken from the sur- 
rounding water by means of the choanocytes, the food-capturers 
par excellence. This suggestion was the more justified, because 
my sponges were mostly gathered in a by-channel of the lake, 
along which were numbers of houses which emptied their refuse 
from the drain-pipes in that canal; even so, that the sponges were 
often in the middle of the dirt. This supposition, however, proved 
untenable; for the sponges gathered in the lake itself, in very 
clean water — far from houses —, contained about as many oil- 
droplets in their choanocytes as those which had grown in the 
dirty canal water; while this also appeared to count for sponges 
which had been cultivated for some time in flowing water from 
the conduit (while no reduction occurred). See Table 14. 

10. As we saw above under 7, that the number of oil-droplets 
in the amoebocytes was in some relation with the number of 
colourless algae, we might also expect here for the choanocytes 
some relation between the number of their oil-droplets and that 
of their colourless algae. That proves however not to be the case, 
as follows from this table: 


choanocytic layer 


green sponge colourless sponge 
number of number of 
oildrops colourless algae oildrops colourless algae 
rather numerous | some mass few 
several » rather numerous | several 
some few several rather numerous 


11. I have already mentioned on p. 25, that I have never 
been able to show any carbohydrate within the symbiotic algae 
— except the cell-wall, which of course will consist of cellu- 
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lose. However, carbohydrate (glucose) will probably be formed 
(but then kept in solution); so also OLTMANNS (47) gives for 
some algae that, although oil may be found as final product, 
the prime products of photosynthesis are probably carbohydrates ; 
also see Prerrer (47a) for plants in general. 

12. The amoebocytes of green and colourless Spongillidae and 
their gemmules show, when stained by I in KI sol., numbers 
of very small red-brown globules, much smaller than the oil- 
droplets (Table 14) and especially situated along (the inside of) the 
wall. On the other hand I have never found vacuoles stained by 
I in the amoebocytes, as LANKESTER (35) states. One will be 
inclined now to consider these small brown globules as a solid 
earbohydrate; but such a colouring by I does not yet give suffi- 
cient proof by itself. So I have also tried to prove in a more 
direct way, that carbohydrates occur in the sponge tissue. And 
such with the help of the FrxHLrNne solution which, as known, 
gives a red precipitation, when boiled with a reducing sugar (for 
instance glucose or an other monosaccharide). 

I rubbed a green Spongilla, just boiled the remaining fluid and 
filtered it, while the symbiotic algae and all smaller particles 
passed through the filter. The fluid reacted neutrally and was 
light-green, rather troubled. This liquid, now, showed after having 
been boiled with some FeEHLING solution rather a considerable 
red precipitation, while a blind experiment (FEHLING boiled 
without sponge liquid) did not show any reduction. So sugar 
(probably a monosaccharide) was present in the sponge. Next the 
same was repeated with sponge liquid, which had in advance 
been boiled for one hour with some drops of strong HCl 
(to break down polysaccharides which might be present), then 
neutralised by KOH and filtered; this liquid showed stronger 
Frurine reduction than the original one. From this we may con- 
clude, that the sponge liquid, consequently the sponge tissue, con- 
tained a polysaccharide besides the monosaccharide. But this poly- 
saccharide need not exactly have been the carbohydrate which can 
be stained by I; it may have been exclusively the cellulose of 
the algal cell-walls (perhaps the increased reduction after hydro- 
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lysis by HCl might also been explained as caused by the carbo- 
hydrates originating from the nucleins?). 

The same result, however, was obtained also for the gemmules 
after I had almost entirely freed their rubbed material of (coarser) 
solid particles (among others of algae and oil-droplets) by centri- 
fuging and extracting with ether. Moreover, the living cells of 
the gemmules considerably swell in water, so apparently possess 
a strongly hypertonic cell-fluid, which corresponds very well with 
the presence of dissolved sugars. 

So we may conclude, that a polysaccharide is present in the 
sponge-tissue also beyond the (coarser) solid parts of the cells; 
we now can freely explain the above mentioned small globules 
stainable brown by I as consisting of the polysaccharide in question. 

13. As appears from Table 14, these small globules are present 
in about the same number in amoebocytes of a green sponge in 
light, so in amoebocytes filled up with green algae, as in those 
of a colourless sponge from darkness, so with but few green 
algae; it may even be, that these globules are somewhat more 
numerous in the second than in the first cells. From this we 
may conclude again, that export of carbohydrates from the green 
algae probably does not take place at all. For if it were the case, 
these carbohydrates in solution — in 1 namely it appeared, that 
these will be present in the algae —, which would then evi- 
dently be deposited in the sponge tissue partly in the form of 
reserve food (the little globules), had at any rate to be much 
more numerous in the green sponge from light than in the colour- 
less one from darkness, while exactly the reverse proved to be 
the case. 

Perhaps one might be inclined to explain this last fact, just 
as in 5 for the oildroplets, as being caused by a larger con- 
sumption of the carbohydrates in a green sponge in light. I then 
can give exactly the same answer, I have given already (in 5) 
for the oildroplets, and which I am not going to repeat. 

As we saw that the little globules, which can be stained by 
I, in the amoebocytes of a colourless sponge from darkness are 
probably even somewhat more numerous than in those of green 
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ones from light, it is probable — in analogy with what was 
stated above under 7 for the oildroplets in amoebocytes — that 
there must be some direct relation between the number of these 
little globules and the number of dead algae, which, as known, is 
also larger in sponges in darkness than in sponges in light (p. 59). 
I shall mention only lateron, what relation this is. 

14, The little globules stainable by I are to be found somewhat 
more numerous in the choanocytes of the flagellated chambers 
than in the amoebocytes (Table 14). Also here one could ask 
the question, which we put above in 9 for the oildroplets, if 
perhaps not all these globules could have been captured from the 
surrounding water by the sponge with the help of its choanocytes. 
But also this question we must answer negatively, as these glo- 
bules are about as numerous — or only a little less numerous — 
in the choanocytes of sponges out of the lake-water or the water 
from the conduit as in those of the sponges from the dirty canal 
water (Table 14). 

15. As we saw under 13 that in the amoebocytes there is 
some relation between the number‘of globules, stainable by I and 
the number of dead algae, we might expect the same relation 
in the choanocytes. This proves, however, not to be the case, as 
the table below shows. 


choanocytic layer 


anne een ee ee 


green sponge | colourless sponge 
number of number of - 
glob. st. by I colourless algae glob. st. by I colourless algae 
numerous few mass few 
mass some » several 
» » » rather numerous 


16. On p. 18—20 I have proved already, that the green sym- 
biotic algae produce O, in light. 
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17. In the amoebocytes of the Spongillidae food vacuoles are 
to be found including symbiotic algae in different stages of di- 
gestion; so one finds in these vacuoles all normal and „solution” 
stages of those algae, which I treated repeatedly (p. 42—45), 
viz.: green ones, colourless ones with clear structure, with a shade 
of structure, without structure, and vague shades of colourless algae, 
Besides these symbiotic algae one also finds in the vacuoles: 
diatoms, ordinary algae, bacteria, all sorts of unrecognisable de- 
tritus and the above mentioned oildroplets, mutually combined as 
well as with the symbiotic algae. 

18. In sponges newly caught from nature these food vacuoles 
are rather rare in the tissues (Table 15). Consequently, the 
sponge in free nature seems to digest only few symbiotic algae 
and other food particles in this way by vacuoles. 

19. In sponges, which have been for some time in aquaria (with 
water from the conduit) these food-vacuoles, however, are more 
numerous (but there does not seem to be much difference then 
between cultures in the light and in the dark; Table 15); so 
under these circumstances the sponge proves to digest more food 
in this way. 

20. In newly caught Spongillae food vacuoles are less numerous | 
in young tissue (branch-tops) than in full-grown (branch-bases) 
(Table 15). 

21. In newly caught Spongillae the food vacuoles are somewhat 
more numerous in the tissues of colourless specimina from dark- 
ness than in those of green ones from light; they seem equally 
numerous in Ephydatiae (Table 15). 


22. As I mentioned already on p. 42—43, most of, not only the 
normal green symbiotic algae but also of the often mentioned 
colourless dying- and ,solution’’-stages of those algae (p. 42—45), 
occur quite free in the protoplasm of the amoebocytes, not in 
food vacuoles. 

23. The amoebocytes with (green or colourless) symbiotic algae 
form — as was partly mentioned on p. 16 — the greater majo- 
rity of the cells of the green and the colourless sponges. The 
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amoebocytes of green sponges lodge, besides their numerous green 
algae, mostly also one or more colourless algae free in their pro- 
toplasm; while, after what was said above, it stands to reason 
that also the amoebocytes of colourless sponges contain colourless 
algae free in their protoplasm. 

24. In green and colourless sponges the amoebocytes appear to 
lodge more colourless symbiotic algae than foreign enclosures 
(unicellular algae, etc.). The same thing counts for the whole 
sponge-tissue. 


25. Particles, which have been taken up by amoebocytes, never 
come immediately in a vacuole but remain free in the protoplasm ; 
if a vacuole is formed around, this only happens lateron. 


26. From Table 8 it appears, that in green sponges cultivated 
in water from the conduit the number of colourless algae with 
structure generally also increases in the light. 


Now that we have described in the above given 26 points the 
chief facts, which bear upon the question about the use of the 
symbiotic association to the sponge, we will now see, if all these 
various data can be united into one conception ; in other words, 
if we can come to an answer to this question with the help of 
these data. Probably one will suppose already oneself in which 
direction the conclusion can be found, by the way in which now 
the 26 points have been arranged. I must confess, however, that 
this solution has troubled me a great deal; while on one point 
it requires still further completion. 


As was mentioned under point 17 and 18, the fresh-water sponge 
seems to digest free in nature only little nutrition (symbiotic 
algae and other food particles) by means of food-vacuoles. So 
the sponge must evidently supply its food in another way. Several 
ways are imaginable: 

First the possibility, that the sponge lives of organic materials 
in solution, present in the lake water. I am not going to treat 
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here the question, if this supposition — the Pürrer theory (48, 
49) — should also count more or less for the Spongillidae; for 
these sponges possess, as we will see presently, another very rich 
source of food; so that the argument, on which Pürrer’s theory 
is based, seems not to hold good for the fresh-water sponges. 
The dissolved organic materials of the lake water are for them 
surely not the most important source of food. 

Next one might have thought, that- it were the products of 
photosynthesis of the green symbiotic algae (the oildroplets and 
carbohydrates) which, after having been ejected by the algae, would 
serve the sponges as food (point 1, 3, 1, 12). We now know, how- 
ever (point 5, 13), that it is very likely such an ejecting of oil- 
droplets and carbohydrates by the algae does not take place at all. 

There is still another possibility, viz. that the sponge is fed by 
proteins (or their constituent parts) which the green algae could 
eject. For the (colloidal) proteins this sounds, however, very un- 
likely; and also for their parts, the amino acids, will be no 
question about ejecting by the algae, as we saw above that it is, 
very likely, already not the case for the primary products of pho- 
tosynthesis (the carbohydrates), that are still much more numerous. 
Consequently, nor in this way we escape from the difficulty. 

The solution is, that according to point 22—24 (p. 94—95) 
the sponge has a very important, almost inexhaustable, perhaps even 
its principle source of food in the green symbiotic algae, which con- 
tinually die (p. 46—48, 57) free in the protoplasm of its amoebocytes, 
and which then pass there gradually from colourless algae with clear 
structure” into the successive „solution stages’, „colourless ones with 
shade of structure”, , colourless ones without structure’, and „vague 
shades of colourless algae’, in order to finally disappear entirely 
(p. 42—45). Consequently, here free in the protoplasm of the amoe- 
bocytes necessarily an — although rather slow (p. 57),nevertheless — 
complete break-down and solution takes place of the substances the 
symbiotic algae consist of; while the products of the decomposition 
must come to the disposal of the amoebocytes. How this decom- 
position is produced, I cannot yet decide; but it is evident, that 
enzymes of the amoebocytes will take part in it. 
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So it seems, as if the sponge would dispose of two different 
methods of digestion, 1st the often appearing slow digestion free in 
the protoplasm of the amoebocytes, 2nd the less common quicker 
digestion in food vacuoles of the same cells. But is it not more 
likely, that these two methods are only apparently different and 
not really? With a slow digestion only little enzyme will be | 
secreted to the body which must be digested, so no vacuole will 
be formed around; with a quick digestion on the contrary much 
enzyme, consequently a vacuole is formed. The whole difference 
between vacuole digestion and digestion free in the protoplasm 
would thus only be founded on a difference in the rapidity, with 
which the amoebocyte desires to digest a body (see also chapt. D). 
With a normal regular course of the process of life there is no 
need for a quick digestion, only little enzyme is secreted, conse- 
quently no food vacuoles are formed. 

But if, for instance, a sponge is taken from its habitat to an- 
other place, eg. an aquarium with water from the conduit, where 
it will miss at any rate all kinds of nourishment -— if not 
the symbiotic algae, yet many other materials (dissolved in lake 
water?) which probably are not less important — it is very 
likely, that the sponge will then try to supersede its lack of other 
materials by .a quicker digestion of the food, which is at its dis- 
posal; in other words, the sponge will be going to secrete more 
enzyme and form thus vacuoles round its food. Now, according 
to point 19, exactly this thing happens with sponges in aquaria! 
Next the fact, that in newly caught Spongillae, according 
to point 20, the food in young tissue is less quickly digested 
than in full-grown; it can be explained in several ways. But it 
is not clear at once why, according to point 21, a quicker digestion 
takes place in the tissues of colourless Spongillae in darkness (not 
of Ephydatiae!) than in those of green ones in the light; for 
there is probably no question at all about a stronger nutrition 
of the green sponge from the side of its green algae (p. 96), 
while in the colourless sponge even some more algae are digested 
in the protoplasm than in the green one (p. 96, 59, 46—48). So 
one must come to the conclusion, that the colourless Spongilla 
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wants more food than the green — once more, this cannot have 
its cause directly in the algal products of photosynthesis — but 
in what then? Perhaps the following solution holds good: 

In connection with what was mentioned in point 16 (p. 93), 
one must admit, that the green sponge in the light disposes of a 
very considerable abundance of O, in its tissues, which the (colour- 
less) sponge in the dark cannot have, of course. It is now 
acknowledged in general physiology, that the katabolic phase of 
metabolism has quite another course in lack of O, than in abun- 
dance; in lack of O, a much more largely, but much less deeply 
extending break-down of body-materials (proteins, carbohydrates) . 
takes place than with sufficient O, — Verworn (58), HERMANN 
(28), HAMMARSTEN (26), BIEDERMANN (6), De Vries (63) —; 
indeed, in lack of O, much more material is required for obtaining 
a certain quantity of energy, as the organism for source of energy 
is then chiefly dependent on not oxidative splittings which procure 
but little energy, while then, also by the faulty oxidation, a great 
deal of the chemical energy of the splitting-products is lost for 
the organism. In this way one would be inclined to explain the 
fact, that the colourless Spongilla in darkness wants more food 
than the green one in the light '). For the present this is but 
a suggestion, to which I shall return however later on. 


Now that we have seen that the freshwater sponges for a great 
deal, perhaps even chiefly, find their food in the symbiotic algae, 
which continually die and are digested and dissolved free in the 
protoplasm of their amoebocytes, the connection, which there is 
according to point 7 (p. 89) between the number of oildroplets 
in the amoebocytes (point 3) on the one side and the number of 
dead (colourless) algae in the sponge tissue on the other side, 
may be explained quite simply. For the sponge tissue disposes 
of a lipase (point 8), and in point 1, 2 (p. 84) we found 
an always decreasing percent of algae with an oildroplet, 


1) That this seemed not to be the case,with Ephydatia, might be explained from the 
fact, that the colourless specimina I examined, which contain always some green algae, 
were partly originating from the light. 
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according as the digestion of the algae had progressed. So in 
other words, just as the amoebocyte slowly digests the other constituent 
parts of the algal cell and makes use of their decomposition-pro- 
ducts, in the same way and at the same time it also digests the 
oildroplets of the algae, and with thew products of splitting (the 
glycerine and acid) builds up its own oildroplets. Indeed, we saw 
(point 3), that very likely the oildroplets of alga and amoebocyte 
are not identical! 

From the preceding follows, that we may consider the pro- 
duction of the splitting-products of the oildroplets (the glycerine 
and acid) — so probably also the production of the oildroplets 
themselves (see below) — in the amoebocytes to be direct pro- 
portional to the number of the algae being digested, in other 
words, to the sum of the number of colourless algae with and of 
that without structure. 

The same thing will count also for the production of the carbo- 
hydrate globules, which can be stained brown by I; as source of 
the carbohydrate we must of course accept — there are no such 
globules in the algae (point II) — either the dissolved carbo- 
hydrates and the wall celluloses, or the nucleins, or again the oil- 
droplets of the algae. (The transmutation of fats into carbohydrates, 
as well as the reverse, we repeatedly meet in physiology.) 

According to point 9, 10, 14 and 15 the oildroplets and the 
globules, stainable by I, are even more numerous in the choano- 
cytes than in the amoebocytes. From those same points it also 
appeared, that these oildroplets and globules are not captured 
from the surrounding water by the choanocytes, and that there 
is no relation between the number of oildroplets or globules 
and the number of dead algae in the choanocytes. Therefore it is 
very likely, that these oildroplets and globules are carried on 
from the amoebocytes through the ,intercellular groundsubstance” 
to the choanocytes; for the amoebocytes with their constant di- 
gestion of algae form, as we saw, the true place of production of 
those corpuscles. But why are these carried on to the choanocytes 
in such a great number, that they are even more numerous there 
than in the amoebocytes? 
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On p. 50 I have treated already, what an enormous quan- 
tity of water a tiny sponge makes circulate through its canal- 
system. This current of water is kept up by the flagellar-motion 
of the choanocytes. Consequently in these choanocytes a very 
strong transformation of energy takes place; those choanocytes, 
therefore, must necessarily dispose of a great source of energy. 
What is more evident than that this large mass of oildroplets and 
of carbohydrate globules would serve as such! The more so, as 
we know from general physiology, that in organisms labour, 
the so called functional metabolism, exactly takes place at the 
expense of N-free materials, so of carbohydrates and fats — 
VERWORN (58), HAMMARSTEN (26). 

Next we can say that it is also very likely, that the oil- 
droplets (and carbohydrate globules?) are used in great numbers 
for the development of the gemmules; for what we have given 
an argument above. 

Let us just look over, what we have stated in the last pages 
about the production and the consumption of fat in the sponge; 
and let us try to make up in this way an explanation of the facts, 
which we derived from Table 12 for colourless sponges from 
darkness and green ones from light (point 5, 6, p. 87—89). 

This must be preceded however by another question. Namely: 
does the great mass of fat, obtained by the sponge from the 
digestion of the algae, occur in the sponge as oildroplets — the 
number of which we can easily state by means of the micros- 
cope —, or divided into glycerine and acid — which entirely 
disappear from observation? In other words: may we see in the 
number of oildroplets, which has been experimentally stated, the 
total quantity of fat present in the sponge tissues, or, if not 
the entire, yet a proportional quantity — or may we not do 
so at all? This is an important question. The (1st and) 224 sup- 
position sounds most probable; not the 3rd, This question will 
soon find its solution in the following. 

Now return to our subject. We were going to try to make 
up an explanation of the facts mentioned under point 5 and 6, 
with the help of the data about production and consumption of 
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fat in the sponge. Our data are (calculated per unit of time 
and of sponge-volume): 

1. The production of fat (p) is always proportional to the number 
of colourless algae in the sponge (pag. 99). We know this number 
of algae in the different stages of development of the tissue of 
green Spongillae from light and colourless ones from darkness, 
from Table 6, pag. 46—48; so we can immediately fix the course 
of p: p will increase in green and colourless sponges during 
the development from very young to full-grown tissue, and 
in colourless sponges it will always increase more than in green 
ones; at the end of, or shortly after, the gemmule-stage p will 
decrease considerably and be about the same in green and 
colourless sponges. 

The consumption of fat is determined by the motion ofthe 
flagella in the chambers (f) and by the development of the gem- 
mules (g). From this follows: 

2. The consumption (f) is proportional to the number of fla- 
gellated chambers (we suppose now, that the average of their 
flagellar-motions is always equal), the number of which is zero 
in gemmules, but quickly increases in very young tissue, to 
remain constant afterwards; f does the same. Next — let us say 
for simplicity’s sake — f will be equal in green apie in light 
and in colourless ones in darkness. 

3. The consumption (g) is only present and then high in the 
very young tissue during the development of the gemmules, and 
the same in green and colourless sponges. 

From these data follows: I. As p increases more during the 
development of colourless sponge tissue than during that of green, 
while (f+) remains the same in both, there must be, 1st some- 
what more fat in young (N.B. not very young!) tissue of colour- 
less sponges than in that of green ones, 2.4 in full-grown tissue 
of colourless sponges much more fat than in that of green ones 
(point 5, p. 87). IL. 1st. As p increases during the development 
of green and colourless sponge tissue while (f + g) remains 
constant, the quantity of fat must increase in that period in both 
sponges. 22d, As in both sponges p only considerably lowers at 
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the end of, or shortly after, the gemmule-stage, but (f+ 9) di- 
minishes already immediately in that stage to about zero the 
quantity of fat must be very high (maximal) in that period. 
3rd As in both sponges p is a minimum in very young tissue, 
while here (f+ 9) reach their maximum, the quantity of fat must 
lower considerably (be minimal) in that period (point 6, p. 89). 

From this we see: Ist How perfectly the experimentally stated 
facts about the quantity of oildroplets, present in the sponge tis- 
sues, correspond with the theoretical calculations of the quantity of 
fat, which we could make from the co-operation of the factors 
that proved to rule the production and the consumption of fat in 
the sponge. From this follows again: 20d That the quantity of oil- 
droplets in the sponge tissue must be in fact proportional to the 
total quantity of fat that is present (see p. 100). 

Undoubtedly, such calculations could be made also for the 
carbohydrates in the sponge tissue. I do not dispose, however, of 
sufficient facts to test their result. We might still conclude that 
the fact mentioned under point 13 (p. 92), that the globules 
which can be stained brown by I in the amoebocytes of colour- 
less sponges are perhaps somewhat more numerous than in those 
of green ones, will have to be explained in the same way as we 
did here for the oildroplets. 


At last the question: What is the reason of the dying of the 
green symbiotic algae within the amoebocytes? Probably one will 
be inclined to see this in the fact, that the amoebocytes digest 
the algae, as we saw above. Certainly, the amoebocytes are sure 
to digest the dead algae, but have they also purposely killed all 
of them — i.e. to make them serve as nutrition? Or does the 
sponge digest them, because (after) all (or some) algae were al- 
ready dead for quite a different reason? Perhaps one considers 
this at first sight as a singular and rather far fetched supposition. 
After due consideration, however, one will acknowledge, that this 
supposition is not at all so singular and far fetched; on the con- 
trary, that one certainly must consider this possibility too. For 
the rest I will immediately admit, that the whole question about 
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the reason of the dying of the algae is especially of theoretical 
interest and not so much of practical, as indeed all dead algae 
come to the benefit of the nourishment of the sponge. 

It is rather a complicate question, which I am going to treat 
more in extenso. 

I. In the first place we will answer the question, what causes 
are theoretically possible for the dying of the green algae in the 
amoebocytes, and at the same time if those causes should have 
to behave differently in a sponge in light and in a sponge in 
darkness: Ist Of course: the sponge cells might actively kill the 
algae with the aim to digest them, so from want of food. Would 
there be any reason then to accept, that this cause would be 
active in light in another degree than in darkness? Certainly! 
One might expect, that the amoebocytes of a sponge in darkness 
should kill the algae in a higher degree than those of a green 
sponge in light. For some pages back (p. 97—98) we had several 
sound reasons for supposing, that a sponge in darkness would 
‘need more food than a green one in light. The more so, as we 
saw on p. 100, that the sponges are very likely to transform 
relatively great quantities of energy in the flagellar-motion of 
their choanocytes, in which transformation in case of lack of O, 
not only more N-free materials, but very likely also the proteins 
themselves of the choanocytes are broken down and, consequently, 
must be restituted (p. 98). As 2nd cause of the dying of the 
green algae in the sponge cells comes into consideration: „poi- 
soning’? — so to say — of the algae by products of metabolism 
of the sponge, so without any relation to the want of food and 
the nourishment-process but, for instance, more as a reaction of 
defence of the sponge against a foreign intruder. There is no 
certain proof for this possibility, but some indication in the 
direction of poisoning of the algae by products of metabolism 
can be the behaviour of isolated green sponge-algae, when there 
appears in their culture a strong infection of diatoms, mould, or 
ordinary green algae. For, as I have mentioned already on p. 43 and 
45, the sponge algae die under such circumstances. (On the other 
hand the cultures — which, as mentioned before, sueceeded well — 
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of green sponge algae iu liquid from a pressed sponge (Table 4), 
cannot tell against this possibility of poisoning; for constant pre- 
sence of those hurtful products of metabolism might always be 
connected with the life of the sponge; though then, of course, 
they cannot be present in great quantity; what is however not 
necessary here.) Is there, finally, any reason to suppose, that this 
»poisonous” influence of the products of metabolism is larger or 
smaller in a sponge in the light than in the dark? This „poison- 
ous” influence taken by itself does not give way to answer the 
question affirmatively; but if one considers it as a reaction of 
defence of the sponge against an intruder, then there is a reason 
to suppose, at least to think it possible, that this influence is 
stronger in darkness than in light. For the following reason: 
As we shall see on p. 109—112, the production of O, by the 
green alga in light is in fact the only function of life of the 
alga, in which the sponge can have any direct interest. Of course 
this function is stopped in the dark, and then the sponge has no 
interest in the life of the alga any more, but probably will have 
a reason to fight against it as a foreign intruder, and such more 
vigorously than it would have done in light. As 3rd cause for 
the dying of the algae in the sponge cells comes into considera- 
tion: lack of food, and as 4th cause: lack of O, and accumulation 
of CO, in the algae themselves; all of them only for algae in 
sponges in darkness, of course. ; 

II. Let us now recall to our memory, what facts we have got 
to know successively about the dying of the green sponge-algae. 
1. Continually algae are dying in the sponge tissue (p. 56—51). 
2. The intensity of the dying in all stages of development of 
the tissue is constant, with a considerable lowering however in 
the gemmule stage (p. 57). 3. Of the same number much more 
algae die in a sponge in darkness than in light (p. 60). 4. The 
intensity of dying in light is about equally high in a weak con- 
centration of the algae in the sponge tissue as in a strong con- 
centration; in the dark, on the contrary, smaller in the first case 
p. 61). 5. In free nature the number of dying algae (colour- 
less ones with structure, p. 56) is always very small in a green 
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sponge in light with regard to the total number of living (green) 
algae present (p. 46—48, Table 6). 6. In nature the number of 
dying algae (colourless ones with structure) in a colourless sponge 
in darkness is larger than in the green sponge in light (p. 48); 
this number (in colourless sponge) is almost equal to that, which 
is continually imported into the sponge (p. 69—70). 7. If one culti- 
vates green sponges in light in water from the conduit, the number 
of colourless algae with structure generally appears to increase 
(p. 95, point 26). 8. Isolated and cultivated in cultures, the algae 
prove to remain living and green for months in light and in 
darkness, and even to multiply (p. 40—41). 

Let us now see, to what conclusion regarding the cause of the 
dying of the algae within the sponge — point I, 1—4 (p. 103— 
104) — we can come in connection with the facts, mentioned 
here under II, 1—S8. And let us then begin with the dying in 
a sponge in darkness. 

As we see on the one side (point II, 5), that only so few 
green algae die in a sponge in light and on the other hand 
(point II, 3, 6) so many more in a sponge in darkness, we must 
come to the conclusion, that in the last case the lack of light is 
the reason of the so much increased mortality. So we immediately 
try to find its cause: on the one side (point I, 1) in the sponge 
cells killing the algae much more considerably from want of food 
and (point I, 2) in the stronger ,poisonous” influence of the 
metabolism-products of the sponge in darkness, on the other hand 
(point I, 3, 4) in lack of food and of O, and in accumulation 
of CO, in the algae themselves. However, we also know (point 
Ii, 8) that without the sponge tissues the algae can live for 
months in darkness and even multiply. Consequently, that lack 
of light — with its supposed consequence of lack of food and 
of O, and accumulation of CO, in the algal cells — by itself 
cannot possibly be the direct cause of the dying of the algae in 
darkness. On the contrary, it proves necessary for that manifold 
dying of the aigae to be in darkness in an actively living sponge 
(point II, 6, 3, 2, cf. Table 10). The only and at the same 
time most general solution would be therefore, that on the one 
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side the weakened power of resistance of the algae — in conse- 
quence of them.being in the sponge in darkness, lacking food 
and O, and with accumulation of CO, —, on the other hand 
the still stronger hurtfull influences from the side of the sponge 
cells (point I, 1, 2) — also in consequence of them being in 
darkness — are the causes, that such a great number of those 
algae die in the amoebocytes in darkness. 

Why only so few algae die (point II, 5) in a sponge in light 
with regard to the total number present, is also quite clear after 
the preceding. The power of resistance of the algae will be much 
higher here, in light, than in darkness. The hurtful influences 
from the side of the sponge, also by daft “SHfready less forcible 
now, will thus destroy much fewer ‘algae in this case than the 
sponge, which remains in the dark. But there will still always 
be a small number of algae, that disposes of less power of resist- 
ance for some or other reason; this will have to be destroyed 
by the sponge (compare IT, 9). 

Also the other facts mentioned sub II, 1—8 are very well 
compatible with this solution. 

At last we get to the question, what those hurtful influences 
from the side of the amoebocytes, which proved able to kill the 
living algae with weakened resistance, are exactly. Whether they 
are: simply (point I, 1) a killing from want of food, so a certain 
feeding-process of the sponge cells; or (point I, 2) a ,,poisoning”’ 
of the algae by hurtful products of metabolism of those cells, — 
consequently something, which in fact would have nothing to do 
with the direct feeding process of the amoebocytes, but for instance 
should be more considered as a reaction of defence of the cells 
against an intruder; or, as we have just formulated above, both 
causes together. In all three the cases, however, the final result 
remains the same, namely that the algae killed in one of the 3 
ways are digested at last by the amoebocytes. So this question has 
in fact not much practical use; it is more of theoretical interest, 
as I remarked above. 

Also, no definite answer can be given for the present; there 
are arguments for both points (I, 1 and I, 2). This can be shown 
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easiest in consequence of the fact (point II, 3, 5, 6), that the 
green algae in a sponge in darkness die in such a great number, 
in light on the contrary only in such a small. Against the 
opinion, that stronger ,killing from want of food”, so the in- 
creased want of food, in darkness (point I, 1) would be a 
cause for the manifold -dying, tells: j 

a. The fact that, as appears from Table 8 and Table 15, several 
of the (green) sponges, which have become almost colourless in 
dark, contain only few food vacuoles, so behave as if they did 
not specially want food, as stated on p. 97—98 (see nrs 333, 334, 
340, 344, 366 1, 366 II). 

b. The fact, mentioned on p. 94 sub 19, that there are about 
the same number of food vacuoles in green sponges after their 
culture in aquaria in light as in darkness; in other words: that 
the want of food would not be larger in sponges in darkness 
than in those in light. 

By these facts the chief argument, that ,killing from want of 
food” could in general be a cause for sthe dying of the green 
algae in the amoebocytes (p. 106), would fall. 

With a view to this we would do better to exclusively admit 
as cause for the dying: ,poisoning”’ of the algae by products of 
metabolism present in the amoebocytes, stronger in the dark and 
active in all cases when for some reason the power of resistance 
of the algae has weakened (p. 103, point I, 2, p. 106). 

On the other hand, however, there are even more and stronger 
arguments which speak for the fact, that ,killing from want of 
food” (p. 103, point I, 1; p. 106) certainly must be a cause for the 
dying of the algae in the sponge. I therefore refer to the points 
II, 7 and 4. That increase of the mortality of the algae, when 
the green sponges are transported into water from the conduit (in 
light) — where the sponges will have to miss many food ma- 
terials, which they found in nature, so that they will have to 
make up for it in some way or other (see p. 97) — shows 
very much in. the direction of ,killing from want of food”. But 
point II, 4, the fact namely, that the mortality in weak con- 
centration of the algae in the sponge in the light is equal to that 
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in strong concentration (per unit of sponge volume) can even 
only be explained by this last cause for the dying. From this 
would follow, that a sponge in light, whether it lodges many or 
few green algae, wants one and the same number of these for 
food. It is quite clear, why (II, 4) in a sponge in darkness the 
mortality in weak algal concentration is less than in a strong 
concentration : in darkness the mortality is much larger than in light ; 
if however the concentration is weak, it is impossible that many 
algae die. Why (II, 2) the mortality in all stages of development 
of the tissue remains constant, could be explained by , killing from 
want of food” as well as by ,poisoning by products of metabolism”. 

Finally there are arguments which show, that in sponges in 
darkness there is certainly reason to speak of an increased want 
of food — in consequence of lack of O, —; which would make 
a stronger „killing of the algae to digest” from the side of the 
sponge cells quite intelligible (p. 103, point I, 1, p. 106): 

a. The argument, mentioned on p. 97, that in colourless Spon- — 
gillae from darkness, examined when newly caught, the number 
of food vacuoles appears to be greater than in green ones from 
light (p. 94, point 21); which argument formed exactly the 
starting point for the supposition about the changed katabolic 
phase in lack of O, (in this case = lack of light) (p. 98). 

£. When speaking about the growth of the sponges, I have 
mentioned (p. 53) that one could generally state, that green 
Spongillae (in light) are larger, so grow more quickly, than co- 
lourless ones (in darkness). What can be the reason? Very likely, 
there is no question of a stronger nutrition of the green sponge 
from the side of its green algae, while even somewhat more algae 
are digested in the colourless sponge than in the green one, as 
mentioned on p. 97. Consequently, there is no question about, | 
that the difference in rapidity of growth is founded on a smaller 
quantity of food, which the colourless sponge would have at its 
disposal. But it will have to be founded on a greater want of 
food, namely chiefly of proteins, in consequence of lack of suffi- 
cient O, in the tissues of the colourless sponge in darkness 


(p. 98, 103, I, 1 and p. 88). 
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When we look over the results obtained, we might conclude the 
following causes for the dying of the algae in the sponge tissue: 
A. In light in fact only „killing from want of food” (point 1,1), 
and such of the (few) algae, the power of resistance of which is 
somewhat weakened already for some. or other reason; but not 
„poisoning’’ by products of metabolism (point I, 2) nor lack of 
food, lack of O,, and accumulation of CO, in the algae them- 
selves (point I, 3, 4). B. In darkness either „killing from want 
of food” (point 1, 1) — perhaps even stronger now — or (and) 
poisoning” by products of metabolism (as reaction of defence of 
the sponge against a foreign intruder) (point 1, 2), and such 
again of algae, the power of resistance of which has certainly 
weakened now much more, in consequence of lack of food or of 
O, and accumulation of CO, (point 1, 3, 4). 

For the present a more detailed conclusion cannot be given; 
more data are required for that, among others about the problem 
if there is really question about lack of O, — with all its con- 
sequences, as for instance increased want of food — in the tis- 
sues of a sponge in darkness. 


Let us now pay attention to the two points («, @, p. 108), re- 
garding this last problem and which are so important, because 
_ they give us an insight into the significance, which the O,, se- 
ereted by the green algae in light within the sponge tissue, might 
have for the life of the sponge. One cannot say, that the con- 
clusion, made in connection with those points « and 3, quite 
satisfies us. - 

The hypothesis, that in lack of O, the katabolic phase of the 
metabolism will have quite another course (than in abundance of 
O,) and consequently will cause an increased want of food — 
as is given on p. 98 and 103 sub I, 1 — may be right in general, 
it seems a bit far-fetched to consider this hypothesis applicable 
to our case of a sponge in darkness. Certainly, the sponge in 
darkness will possess a much smaller quantity of O, in its tis- 
sues than the green sponge in light. But is there really lack of 
O,, while sponges have even an extremely strong circulation of 


110 


water? Should one not rather suppose, that by this circulation 
the necessary quantity of O, will already be kept up sufficiently 
in the tissues of the sponge in darkness, though it will be lower 
than in the green sponge in light — perhaps the green sponge 
in light wil not do anything with its larger quantity of O, and 
simply let it slip —? If this were not the case, how would 
then be the course of that katabolic phase in all higher water 
organisms not lodging chlorophyll, when lack of light already 
changed it so enormously in Spongillae (that is to say, made 
it go on accompanied with freeing of but relatively little energy). 
One then had to come to the conclusion, that all these higher 
water organisms, not lodging chlorophyll, can only produce less 
complete oxidations in their katabolie phase of metabolism (that 
is to say, less complete than the green Spongillae in light). 

On the other side one has to acknowledge that it is diff- 
cult to imagine, that this large quantity of O,, which is present 
in the tissues of a green sponge in light — I just remind that, 
according to p. 18a, green Spongillae in sunlight even develop 
gasbubbles (very likely of O,) — would have no considerable 
influence on the katabolie phase of metabolism of the sponge. 
Besides, how would otherwise the phenomena, mentioned on p. 
108a 2, have to be explained? ') 

But let us leave now this question about the lack of O, (with 
all its consequences) in the tissues of a sponge in darkness. It 
cannot be dissolved before we have stated experimentally, if in 
fact Spongillae in darkness excrete less complete‘oxidated products 
of metabolism than green sponges in light. Certainly this question 
_would be worth such a research! I hope to be able to do this 
afterwards. 


Also the question which was our starting point on p. 106, 
namely: which in fact are the exact causes of the dying of the 
algae in the amoebocytes, must, as said before, wait for its de- 
cision. The best thing is that, for the present, we content our- 


1) And how (see p. 51 note) the perhaps smaller „filtering powcr” of a (colourless) 
sponge in dark? 
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selves with the general formulating of the answer given on p. 109. 


The final result of our research into the use of the „symbiotic” 
association (of sponge and green alga) to the sponge is therefore: 

It is either the want of food of the sponge — which might be 
strongly increased in darkness — or (and) the „poisonous”’ influence 
of harmful products of metabolism of the sponge (to be considered 
as a. reaction of defence against a foreign intruder) which 
continually destroys green symbiotic algae in the amoebocytes ; 
and exactly those algae, the power of resistance of which is already 
weakened for some or other reason — for instance by having been 
in darkness — (p. 102—109). All algae killed in this way come 
to the benefit of the nourishment of the sponge; as this one digests 
and dissolves them entirely either free in the protoplasm of its 
amoebocytes or in food vacuoles, keeps the products of the decom- 
position (p. 96—9I7) and rebuilds its own cell parts with them, 
namely for instance the oildroplets and carbohydrate globules 
(p. 98—102). These oildroplets and carbohydrate globules in their 
turn are, among others, the source of the great quantity of energy, 
which the sponge transforms in the flagellar motion of its choano- 
cytes (p. 100). 

For the present no decision can be given about the exact signi- 
ficance for the life of the sponge of the O,, which the living green 
algae in light secrete within its tissues (p. 93). It may be, that this 
O, is of much significance; even so much, that the katabolic phase 
of the process of metabolism in a green sponge in light has quite 
another course by it — namely gives a relatively much larger 
quantity of energy to the sponge — than in the sponge in darkness 
(p. 98, 103, 109—110). Some indications were found for this; but 
this important question requires quite a seperate research, before 
anything can be said for certain. 

As we saw (p. 96, 87, 92) it is very likely, that direct transfer 
of products of photosynthesis from the living green algae into 
the sponge tissue does not take place at all. ; 


When next we ask, what in fact the „symbiotic” relation of 


+ 
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sponge and green alga is, considered from the point of view of the 
use to the sponge, we cannot very well answer that question, before 
the problem, mentioned above, about the significance for the sponge 
of the O, secreted by the green alga in the light, has come to 
solution: 

a. If the significance of that O, is in fact so important, as was 
thought possible above, we must conclude — notwithstanding the 
fact, that the sponge continually destroys and digests numbers of 
algae, and notwithstanding all other phenomena, which do not seem 
to go together with a symbiosis — that the relation of sponge and 
green alga, considered from the point of view of the use to the 
sponge, is in fact a symbiosis, though this symbiosis is by no 
means so complete as that of the Lichens. 

b. If, on the contrary, the significance of the O, secreted by the 
alga is only of little importance, we can conclude — whatever 
may be the real cause of the dying of the algae in the sponge 
tissue, wether it be the want of food of the sponge or (and) the 
»poisoning” of the algae by products of metabolism of the sponge — 
we must conclude that, practically spoken, that so called symbiotic 
relation of sponge and alga is in fact nothing but simply a process 
of nutrition of the sponge, or, if you like, a very first transition 
of a process of nutrition into a symbiosis. At any rate this always 
counts for a sponge in darkness. 

For we could state the following: 

The sponge continually imports green algae from the surrounding 
water into its amoebocytes (p. 50), where those algae then — it should 
be explicitly mentioned — are killed and digested (p. 111) by the 
sponge only for a part, when circumstances are favourable; 
while the rest of the algae can live on, photosynthesise and mul- 
tiply (and will give their O,, produced in light, to the sponge 
tissues (p. 93) — the only argument one can mention in favour 
of the conception of symbiosis !). This favourable case is only realized 
in sponges growing in light (p. 70—72) — for in light i > mo ') — 


1) This follows from p. 70 IV, p. 51, and p. 60—61, 59. In darkness #=mo; so in 
light 7 > mo. 


a 
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and then not even always (p. 41, 75—76). If, however, the cireum- 
stances are somewhat less favourable — as is the rule in sponges 
in darkness (p. 69—70) and as sometimes happens also in those 
in light (p. 41, 75—76) — then all imported algae (and all that 
might be present already) are continually and unavoidably destroyed 
and digested by the sponge (p. 111). 

What happens to the number of green algae of a sponge under 
certain circumstances, entirely depends upon the value, which each 
quantity takes under those circumstances in this formula: 


itr mu Segno 


the formula, which we have got to know on p. 68—75 as decisive 
for the number of green algae of a sponge. 


For the ,symbiosis” considered from the point of view of the 
use to the alga, I refer to p. 83—84. 


In order to show even more clearly, how much the relation 
of fresh-water sponge and green alga is still removed from a real 
symbiosis (in the sense of mutualism), I want to mention what 
we should require from a relation between two organisms, which 
are closely connected, to be justified in calling this relation a 
symbiosis (mutualism): That relation should be one of mutual 
use; the symbiontes should be interested in each others 
existence, so spare, if possible, even nourish each other. Both 
the symbiontes should in fact behave as one, new individual — 
in extreme cases, for instance, not be able to exist one without 
the other and die together. The symbiosis should be kept up 
simply by multiplication of both symbiontes; but should not need 
a continual supply from outside (import) of one of the symbion- 
tes, to restitute the destroyed ones. 

So Nout (56) says about the Lichens: „Die Pilzhyphen umspin- 
nen im Flechtenkérper die Algen, tiberlassen ihnen den zur As- 
similation giinstigen Platz...., treten mit ihnen in innige Be- 


rührung und entziehen ihnen einen Teil ihrer Assimilate. Dafür- 
8 
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liefert der Pilz nicht nur das, durch oft kräftige Säure-ausscheidung 
gehaltreich gewordene Nährwasser, sondern, wie es nach den 
Untersuchungen ARTARIS wahrscheinlich ist, auch Pepton, so dass 
die Algen in dem Flechtenkörper nicht nur nicht erschöpft werden, 
sondern sogar sich kräftiger entwickeln als in freiem Zustande 
und sich durch Teilung lebhaft vermehren.” And ScHeNcK (56): 
„Die Flechten besitzen untereinander so viel übereinstimmendes 
in Bau und Lebensweise und haben sich als Konsortien” (of fun- 
gus and alga) ,phylogenetisch weiter entwickelt, so dass sie zweck- 
miisziger als besondere Klasse behandelt werden .... Die Symbiose 
der flechtenbildenden Pilze mit Algen führt zur Bildung von 
zusammengesetzten Organismen mit eigenartiger Form des Thallus, 
welcher entsprechend seiner durch die Algen bedingten selbstän- 
digen Ernährungsweise andere Gestalten als bei den nicht flech- 
tenbildenden Fadenpilzen aufweist.... Nur für ganz wenige 
Flechtengattungen ist festgestellt, dasz ihr Pilz auch ohne Algen 


in der Natur existenzfähig ist”. 


I will not finish this chapter, before I have said somewhat 
more about the often mentioned (p. 111, 103, 109, among others) 
» poisonous” influence of the products of metabolism of the sponge, 
which influence would be deadly to the algae. There was no 
certain proof for its existence, but there were arguments for its 
probability. For if it might prove that the want of food of the 
sponge, mentioned on p. 111 and 109, cannot be accepted as a cause 
of the dying of the algae in darkness, there remains as only 
possible the one mentioned by the name of ,poisoning by pro- 
ducts of metabolism”. The term is vague, but all the same gives 
exactly what one would have to understand by it. 

Of course, I am not going to take the question once more in 
consideration, which I said on p. 110 to leave till later on. But 
I have made some interesting finds among my sponge cultures, 
which certainly justify the question, if the sponge could exert 
poisonous influences on other organisms (c.q. the algae), which 
have come inside its body. In other words, if there would not 
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be some reason to accept, that here we should have to do with 
a true reaction of defence of the sponge against the foreign in- 
truder, in the way an unhealthy organism defends itself against 
the infector. 

I have found: 3 different types of algae (2 filamentous and 1 
unicellular), which appeared to occur in great number in the 
tissues of several Ephydatiae (from the Brasemer lake near Leyden 
and cultivated in my aquaria) (see chapter LX). Two of these, 
the filamentous algae, proved to destroy entirely the sponge tissue 
with their growth; the 3rd, the unicellular one, on the contrary, 
after having penetrated the sponge tissue in the beginning — the 
original colourless sponge had become light-green by it — was 
finally conquered and destroyed by the sponge. 

In the first place one could imagine this destroying as caused 
by ferments of defence of the sponge, the above mentioned „poi- 
sonous” influence of products of metabolism. But there is still 
another possibility. It proved to me, that a sponge may eject 
such unicellular ,infecting’ algae from its body together with 
detritus (for instance captured carmine grains). (See lateron, in 
the description of the defecation-process, chapt. E.) 

So here we have seen cases of positive infection of the sponge 
by filamentous algae, by which the sponge was destroyed. But 
we also saw a case, in which the sponge finally succeeded in 
conquering and destroying the intruder — the unicellular alga — 
which was spreading further and further. 

That unicellular alga appeared to be probably a Pleurococcacea, 
so closely related to the „symbiotic” alga of the Spongillidae 
(p. 34). Is it not evident then, that one is inclined to see also 
something in that. „symbiosis”’, which is like an infection? An 
infection, against which the sponge must also defend itself? 


There is still another view in connection with the case of the 
mentioned unicellular alga. If the „relation” between sponge and 
„symbiotie” alga is no other than was mentioned (p. 111—113), 
it might be possible, that the sponge does not want one certain 
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alga for such a „relation’”’, but that it would content itself with 
all sorts of other unicellular algae, according to circumstances. 
So for instance, in the case mentioned above, with a relative of 
the normal ,symbiotic” alga. In this way one might think possible, 
in different countries, an association of our fresh-water sponge 
with quite different algae! 


IX. SOME OTHER ALGAE OCCURRING IN THE TISSUES OF EPHYDATIA. 


After the theoretical consideration to which these cases gave 
reason I want to give now a short description with illustrations 
of the 3 infecting filamentous and unicellular algae which I have 
found. I must add that I have met with these algae not once, 
but in several specimina of Ephydatia (never in Spongillae); but 
only in one spring, and never in sponges immediately from nature, 
but always in specimina which had been in my aquaria for some 
time (2—3 months). Generally all 3 of them were to be found 
together in one sponge, but the unicellular alga also very often alone. 

The Ephydatiae infected by filamentous algae were to be re- 
cognized at dark-green, almost emerald irregular spots here and 
there in the colourless or light-green normal sponge tissue. The 
sponges were also (partly) surrounded at the outside by those 
algae, which freely spread in the water. Under binocular micros- 
cope one could obserye very distinctly that those green spots 
might be continued till within the sponge body, so under the 
normal tissue; but generally they were to be found in tissue 
layers more at the surface. 

If one examined a piece of such a green tissue-spot under 
oil-immersion, one found parts, where nothing but the skeleton 
of the sponge tissue had remained, but the place of the cells was 
entirely filled in by filamentous algae; and next to that some 
almost intact sponge tissue parts, in which however among the 
normal sponge cells filamentous algae began to spread. One could 
also see how such a growing algal filament quite makes an 
exterior wall of the sponge protude (tent shaped), when trying 
to pierce it from within. 


dik 7 


On closer examination of the filamentous algae there proved 
to be two different types present in the tissue atthe same time 
(Fig. 43—45, drawn after living material). The last one (Fig. 45) 
consisting of long, 5—6 u thick, unbranched filaments with girdle- 
shaped chloroplast appeared free in the aquarium as well as in the 
sponge tissue. I think it to be Ulothrix subtilissima. The other 
one (Fig. 43, 44), however, was never free in the aquarium but 
only to be found in the sponge tissue. As one can see from the 
illustrations (Fig. 48, 44), it consisted of often very irregularly 
branched filaments, consisting of cells which could have all sorts 
of shapes from cylinder- to almost ball-shape. The chlorophyll 
was scattered all over the cell without any regularity — probably 
in a great number of chromatophores, while very likely each cell 
contained one nucleus. The filaments were about 8—9 yw thick. 
As with a view to my other investigations I could not spend 
much time on studying these infecting algae, I have not been 
able to discover their mode of reproduction (nor of the other 
filamentous alga). Nevertheless I want to draw attention to the 
fact that this alga, given in Fig. 43 and 44, is much like the 
Trentepohlia spongophila, which professor WEBER and Mrs. WEBER- 
Van Bossr (64) found in 1890 also in the tissue of Ephydatia 
fluviatilis, but of specimina originating from a lake on Sumatra. 

Finally I want to speak about the unicellular alga which, as 
mentioned, appeared either alone or with the two filamentous 
ones in the tissue of Ephydatiae. Where of course the latter were 
situated between the amoebocytes, the unicellular one occurred 
just within the amoebocytes, mostly free in the protoplasm, but 
sometimes also in different stages of digestion within food-vacuoles. 
The alga is shown in Fig. 46—52 (drawn after living material). 
The shape was oval, the diameter 5,5—7. The cell contained: 
a chloroplast lining the wall, which let the centre of the cell free 
and seemed to be one time single and another time composed of 
several parts; next a rather big refractive globule and a number 
of small refractive points, which, with different adjusting of the 
microscope, were one time lilac-brown and another time blue-green. 
The wall was rather thin. I have also found a stage of division 
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(Fig. 52); from which we see that „freie Zellbildung” does not 
take place, but simple vegetative division of the whole cell. 
Though I have not been able to give sufficient time to the 
research into this alga either, I came to the conclusion that we 
have probably to do with a Pleurococcacea, so with a relative 
of the ordinary „symbiotic” alga of the fresh-water sponges. 

Besides the 3 „infecting” algae mentioned here, there were 
of course also the normal ,symbiotic’”’ algae in the tissue of the 
,infected” sponges, but their number was always relatively small. 
It stands to reason, that there might be in general inside the 
sponges — in the canal-system for instance — also quite other 
kinds of algae as well as protozoa and also diatoms, which might 
of course be captured at their turn by the sponge tissue to serve 
as food, and so might get into the amoebocytes. But this cate- 
gory does not come into consideration here at all. Here we have 
only to do with the algae, which appear and keep up either 
regularly (the symbiotic alga) or accidentally (the 3 infecting 
algae) in a great number within the sponge tissue. 


s 


B. THE CURRENT OF WATER IN THE CANAL-SYSTEM 
OF THE FRESH-WATER SPONGES. 


As mentioned in the Introduction, I have found out a method, 
which enables us to observe wholly intact, normally living tissue 
of sponges with an oil-immersion for many hours, on several 
consecutive days. The way in which the necessary microscopic 
preparations were obtained is indicated above on pag. 12—13. 
It was by means of these living preparations that I have been 
able to state, that the generally acknowledged theory concerning 
the cause of the current of water through the sponge body is 
not right, as it is based on a mode of movement of the flagella 
of the choanoeytes, which proved to me abnormal and caused by 
exhaustion. 


Anatomy. 


Before proceeding to the examination of the 
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watercurrent, I want to give a description and a diagrammatie 
illustration (Fig. 53) of the canal-system in fresh-water sponges. 
They are taken from DELAGE and Hirovarp (16) 1899: ,..... 
La surface (de la Spongille) est soulevée par les extrémités sail- 
lantes des spicules (Fig. 53 cenli.), qui lui donnent un aspect 
hérissé; ca et là se voient quelques oscules (os.), assez larges, 
irrégulièrement distribués. L’Eponge est partout, sauf naturelle- 
ment au niveau des oscules, revêtue d'une mince membrane der- 
mique (ects.) dans laquelle sont percés les pores (p.)” (better: 
ostia) „et qui forme la voûte d'une vaste cavité hypodermique. 
Cette voûte, malgré sa minceur, contient des éléments mésoder- 
miques, parmi lesquels des cellules contractiles, et est tapissée 
sur ses deux faces d'un mince épithélium de pinacocytes. La 
ecavité hypodermique (cv. hy.) est continue mais traversée cà et 
là par des spicules on des faisceaux de spicules, qui se dressant 
des parties profondes, soulevent sans la percer la membrane der- 
mique. Le plancher de la cavité hypodermique formé par la sur- 
face du choanosome est criblé de trous, de taille trés inégale, 
qui sont les orifices d’entrée du systeme inhalant. Les canaux 
inhalants (cn. inh.) plongent dans le choanosome et s’y ramifient 
largement, mais sans aucune régularité ni dans la forme, ni dans 
la distribution de leurs branches. — De chaque oscule part un 
large canal qui plonge directement dans la profondeur, formant 
une cavité atriale irrégulière (cv. atr.) d'où partent en tous sens 
des canaux exhalants (cn. exh.) d’abord à direction tangentielle, 
puis ramifiés dans toute l'épaisseur du choanosome sans plus de 
régularité que les canaux inhalants, ni sous le rapport de la 
forme, ni sous celui de la distribution. — De la sorte, ’Eponge 
tout entière est réduite à un système caverneux de cavités ex- 
tremement irrégulières, les unes inhalantes plus étroites, plus 
canaliformes, les autres exhalantes plus spacieuses, plus caméri- 
formes, intriquées en tous sens, réduisant la parenchyme (chs.) à 
des cloisons peu épaisses. — Mais, au milieu de cette irrégularité, 
une règle persiste, absolue: c'est la non-communication directe 
des systèmes inhalant et exhalant, qui restent séparés. Toutes les 
lacunes inhalantes communiquent entre elles, toutes les exhalantes 
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de même; mais pour aller des premières aux secondes, on se 
heurterait partout à une cloison de choanosome. Dans ces cloisons 
sont les corbeilles, petites; arrondies, dépourvues de prosodus et 
d'aphodus, s’ouvrant d'une part dans les lacunes inhalantes par 
deux a cinq petits orifices prosopylaires et d'autre part dans les 
lacunes exhalantes par un large orifice apopylaire, ce qui permet 
de distinguer sur les coupes les deux sortes de lacunes. Dans ces 
cloisons sont aussi, entre les autres éléments mésodermiques.... 
les spicûles.: formant dans le réseau du choanosome un 
réseau squelettique ile en Ces spicules sont soudés entre eux, soit 
dans toute leur longeur, soit par leurs extrémités seulement, par 
la spongine”. 

_Drracre and HEÉROvARD's illustration with few alterations 
(Fig. 53) gives rather a good idea of the canal-system; it is, how- 
ever, but a diagram. A better illustration of the surroundings of 
the flagellated chambers in Spongillidae is given by Fig. 54. 

Finally a beautiful illustration of a flagellated chamber of Spon- 
gilla lacustris (Fig. 55) is taken from VosMAER and PEKELHARING 
(61). The authors mention that this figure was drawn with great 
care’ from a very carefully preseryed preparation. The apopyle 
(ap.) and the excurrent canal is shown. The figure represents a 
section of a chamber; therefore we see but one flagellum at 
its real length. The thin line uniting the bases of the choano- 
cytes represents the outline of the chamber. So we see that the 
chamber is lined by the well known choanocytes, whose collar 
and flagellum can be easily distinguished in the figure as well 
as their nucleus, a vacuole (at the base of the flagellum) and a 
certain number of black spots, which are doubtless the above men- 
tioned (p. 90, 9) oildrops. Finally I want to mention that the 
choanocytes are able to entirely retract their collar and perhaps 
also their flagellum. 


Function. — Proceeding to the description of the water-cur- 
rent in the canal-system, I want to remind in the first place 
that the water enters the inhalant (incurrent) system through the 
ostia, it then passes from the incurrent canals trough the proso- 
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pyles into the flagellated chambers and from there through the 
apopyles into the exhalant (excurrent) system, in order to finally 
leave the sponge body by a large osculum (Fig. 53, 54). 

This current of water is caused by the movements of the 
flagella of the choanocytes in the flagellated chambers, as is 
generally acknowledged. The great question which had been dis- 
cussed for ever such a long time, and which seemed decided in 
1898 by the research of VOsMAER and PEKELHARING (62) — as 
mentioned in the Introduction — was: what is the exact way in 
which the flagella move; how is the movement of the water 
within the flagellated chambers; how is the whole water-current 
explained ? 

It is a matter of course that, on account of the difficulty of 
the research, one has not been able to make many direct ebser- 
vations concerning this question. So LreBERKÜHN (38) says to 
have seen the movement of the flagella in Grantia botryoides 
(a calcareous sponge), viz. „Wimpern’” which „äusserst lebhaft 
schwingen”’; he does not give more details. BOWERBANK (7), 
however, says about the flagella of Grantia compressa: „When 
in vigorous condition their motions are rapid and cannot readily 
be followed, but in some in which the action was languid, the 
upper portion of the cilium was thrown gently backward towards 
the surface of the sponge, and then lashed briskly forward towards 
the osculum, and this action was steadily and regularly repeated. 
Their motions are not synchronous, each evidently acts indepen- 
dently of the others”. v. LENDENFELD (37) says — I quote from 
VOsMAER and PEKELHARING —: „it appears that the cilia in the 
entodermal collar-cells move, pendulum-like, backward and for- 
ward, similarly to the cilia of the polyciliar epithelium-cells in 
the respiratory-tracts and other parts of vertebrates” — a remark, 
however, apparently not based on observations. Finally Corrs 
(13): „on peut voir le mouvement des flagella se produire sous 
forme d’ondes, avee un rythme particulier au moment où se fait 
observation, mais qui à ce moment est le même pour tous les 
flagella d'un même territoire” (so in the way of polyciliar epithe- 
lium). „Par contre, a côté des cellules à mouvement régulier, on 
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en trouve d'autres qui ont une allure absolument désordonnée”’. 
Ame ogc. 5s tls le mouvement des flagella est comparable a celui 
dun fouet As le mouvement de l'eau resultant de l’action des 
flagella doit être, dans l'ensemble, perpendiculaire à l'axe des 
choanocytes’’. 

In close relation to these interpretations of the motion of the 
flagella (as Fig. 56d, 57d) isthe way in which the movement of 
the water within the flagellated chambers was supposed to be. 
In the theory of BOWERBANK, LENDENFELD (and of Corrs) one 
should imagine this movement to be regular and rapid, passing 
from the prosopyles through the chamber to the apopyle. In 
this way, -however, it would not be clear how the sponge is 
able to capture the food particles from the circulating water; 
for the greatest deal of it would flow rapidly through the canal- 
system without ever having been in contact with the cells 
lining the canals! Corrs resolves this difficulty in the following 
way: „Il est certain que cette disposition morphologique” (of the 
prosopyles) ,a pour résultat la formation d’un remous ou d’un 
tourbillon au point où l'eau pénétre dans la corbeille vibratile. 
Dans cette derniére les flagella, par leurs battements actifs, pro- 
duisent un brassage énergique de l’eau et par conséquent des 
particules en suspension dans celui-ci”. And: „Il y a en ce point 
RE contact plus intime de l'eau et des aliments qu'elle ren- 
ferme avec les choanocytes qui sont les organes de l’absorption”. 
But this seems to be based on reasoning, not on personal observation. 

Therefore it has been the great importance of the theory of 
VosMAER and PEKELHARING (62), that, based on experiments and 
observations of the motion of flagella and the water-current itself, 
it explained these phenomena in such a way, that it was evident 
at once that such a movement of the water in the flagellated 
chambers, as was stated by the investigators, was exceedingly 
fit for bringing food particles within reach of the sponge-cells. 

I am now going to treat VOsMAER and PEKELHARING’s theory 
more at large, as it has also been the starting-point of my own 
research. Their principal experiment, giving most important obser- 
vations, was made directly in the neighbourhood of the habitat 
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of the sponge on a thin-walled Leucosolenia, a tube-like calca- 
reous sponge, the inside of which- is entirely covered with choa- 
nocytes. I will quote now: „A piece of about 1 ¢.m. was cut from 
a tube and then split open and immediately observed. The piece 
was covered with a cover-glass; but this could hardly harm the 
choanocytes, as it was carried by the apical rays of the tetra- 
scleres. The preparations were observed with Zerss’s homog. imm. 
1.40, 3; Oc. 12. It was evident then that the flagella were beating 
quite independently from each other, all in different directions” 
(as Fig. 56d, 57d, 58b). ,The movement of each flagellum was 
not always in the same plane, and one moment it was stronger 
in one direction, another moment stronger in another. Sometimes 
a flagellum was stretched for a while almost horizontally. It 
happened also that one or more flagella were motionless, in order 
to beat again vividly a few moments afterwards. Every now and 
then flagella crossed, without ever becoming entangled. Particles 
suspended in the water were whirling about, never carried for- 
ward. In short, the aspect of the motion was absolutely different 
from what is observed in ciliated membranes of higher animals. 
There was no trace of a coordination of neighbouring cells”. 

The authors continue: 

»---+ this mode of motion cannot be but advantageous for 
capturing particles by the choanocytes. This is not only the case 
for choanocytes forming flagellated chambers, but eminently so 
for those lining the cloacae of Leucosolenia. If all the flagella 
lashed briskly towards the osculum, the particles, entered through 
the pores, would be directed chiefly towards the axis of the tube 
and rapidly removed through the osculum. On the contrary the 
movement of the flagella has the effect that particles can easily 
reach the collars and thus come into contact with the protoplasma 
of the choanocytes”’. 

»Moreover it seems possible to us, to explain by the irregular 
motion of the flagella, the regular current through the canals of 
the sponge, as this is so often observed, and so carefully studied 
bye RANTS ot. it seems to us that in the living sponge the 
water would find more resistance in flowing out from the chamber 
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through a pore than it finds in streaming in. For we found that 
in carefully mounted preparations where all the choanocytes re- 
mained fixed in their place, these cells surround the pores closely 
and are placed, not exactly perpendicular on the wall, but some- 
what oblique, so as to narrow the cloacal opening of the pore. 
We found this to be the case in a flat, stretched piece of Leu- 
cosolenia. Their position must be all the more oblique in the 
living state if the wall is of course not flat but concave. If 
therefore in the cloaca the pressure of the water becomes higher, 
the collars of the choanocytes will become somewhat inflated and 
the pore will be narrowed. If, on the contrary in the cloaca the 
pression of the water in the neighbourhood of a pore is lessened, 
water can easily flow in through the pores; the choanocytes with 
their collars thus act as valves. Now by the irregular motion of 
the flagella the pressure on the wall of the tube, which by the 
spicules is kept rigid, is continually changing. If the pressure 
becomes higher, this is of little effect, but if the pressure becomes 
less, water will flow in through the pores, as long as they are open. 
The sponge will thus suck in water, which will leave the body 
again through the osculum”’. 

Thus VosMAER'’s and PEKELHARING’s theory. Then the investi- 
gators call attention to the fact that the arrangement of the canal 
system of the sponges becomes more and more appropriate accord- 
ing as one examines higher developed forms. 


_ Personal Research. — How much this theory of VOSMAER and 
PEKELHARING’s may correspond with their observations and how well 
it may make us understand that with such a movement of the water 
a great number of foodparticles are brought within the reach of 
the choanocytes, it could not quite satisfy me from the beginning. 
It appeared very unlikely to me that the flagellar motion of 
the choanocytes should principally be quite different from that of 
the unicellular Flagellata eg. the Choanoflagellata, which for the 
rest remind us so much of the choanocytes. This supposition was 
the more tempting, because it would make us quite independent 
of the synchronism (whether existing or not) and of the direction 
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(whether mutually deviating or not) of the separate flagellar beatings. 

The movement of the flagella, which had hitherto been established 
in the choanocytes, was a rowing-movement (as Fig. 56d, 57d, 
58 5); so a motion which is not peculiar to the long flagella but 
to the short cilia of the protozoa; while, on the contrary, the 
flagella of the unicellulars are moving in spiral-lines (compare 
Doren 17). If the latter, now, could be proved to be also the 
case with the choanocytes, than the solution would be quite easy. 
For the spiral- or screw-motion of the flagellum of the unicellu- 
lars pushes the water on, just as the screw of a steamer, in the 
direction of and turning round the axis of the flagellar spiral, 
either towards the cell (Flagellata) or in the opposite way 
(spermatozoa). — This is simply determined by the fact, whether a 
spiral wave (optically) moves on from the top to the base of the 
flagellum or in the opposite way; but I will not enter further 
into this question here. — If in the choanocytes the motion of 
the flagella took also place in this manner (as a spiral), it is a 
matter of fact, that by the action of all choanocytes of a flagel- 
lated chamber together there should be a constant flow of water 
either from the centre of the chamber towards the wall or from 
the wall towards the centre, provided that the spiral-motions of 
all choanocytes moved on in the same way. We would how- 
ever not have anything to do with their synchronism or their 
direction. Now, according to Doren (17) the Choanoflagellata 
push the water off along the axis of the flagellar spiral. Might 
it not be possible then that the same should count for the cho- 
anocytes too? 

The question was therefore to observe the movement of their 
flagella under circumstances that were as normal as possible. On 
the other hand one had to claim, that the study of the flagellar 
motions and of the water-current, produced by as many choano- 
cytes together as there are within a flagellated chamber, had to 
be preceded by an accurate research into the motion of the fla- 
gellum of one, isolated, choanocyte and into the water-current it 
caused ina free and open space. 

Now, I can state that I have succeeded in both ways. The study 
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of the movement of the isolated choanocytes, as well as of that in 
the intact flagellated chambers, has shown me that the flagellar 
motion, under normal circumstances, is in fact the same as that of 
the Flagellata, viz. the Choanoflagellata: a spiral- or undulating- 
motion; but that this movement, after exhaustion, very soon 
changes into quite a different one, viz. the rowing-motion. 


The research into the motion of the flagella of isolated choano- 
cytes was made by me in February 1915. In fact it is best to 
be done in winter, at a low temperature. For one has to make 
use of ravel-preparations (p. 12) of living sponge tissue, which 
one watches as soon as possible with oil immersion in an ENGEL- 
MANN case. As in winter Spongilla dies, only Ephydatia was to 
be used for this research. 

I shall now give a description and some illustrations of the 
flagellar motion, which could be beautifully observed owing to 
the isolated situation of the choanocyte at the top of a number 
of other cells. For the observation, namely, one must have the 
flagellum isolated, but on the other hand the choanocyte itself 
may not be separated from the others, but it must, just as in 
the flagellated chamber, be fixed quite fast with its base to have 
a support against the heavy vibrations of its flagellum. I have 
noted the description literally during the observations and the 
figures were drawn immediately from the living material: 


5.55 p.m. Flagellum shows very rapid undulating-motions 
(immediately (probably in spiral-line) of small amplitude. The 
etter r 1 naart. ) w . 
relation) water with the particles is pushed away strongly, 


straight through the axis of the flagellar spiral, while 
at the side it flows on to the base (Fig. 56a). 

5.57 p.m. The amplitude of the flagellar motion becomes 
much greater, the movement less quick. The water 
with the particles is still pushed on through the 
axis of the spiral, while at the side it flows towards 
the base (Fig. 565). 

6.00 p. m. Just a slight undulating-motion to be seen, very 
large amplitude, even less rapidity. The water with 
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the particles is at first stirred to and fro, but finally 
pushed away in upward slanting direction (Fig. 56 c). 

6.10 p.m. The last movement (Fig. 56 c) was evidently a 
transition from the spiral- or undulating-motion to 
this new one: A slow') beating to and fro of the 
flagellum, without waves. The water with the particles 
is moved to and fro, but it is not pushed away (Fig. 56d). 

6.15 p.m. The flagellum stops in a more or less straightened 
condition (Fig. 56e). 

To this I must add that after the phase, given in Fig. 56 a, the 
motion of the flagellum became less regular; it was interrupted 
by resting-periods of unequal, but ever increasing length till 6.15 
p-m., when it stopped finally. There was no collar to be seen in 
this choanocyte, evidently it had been retracted. 

One will acknowledge, now, that the first phase (Fig. 56a) of 
the flagellar motion is in fact quite different from that which 
the investigators have hitherto observed. It goes without saying 
that the water current caused should prove quite a different one 
also. But there is still more to be seen in the figures: the mode 
of motion of the flagellum, hitherto described (by BOWERBANK, 
LENDENFELD, Corre; VOSMAER and PEKELHARING), fully agrees 
with our phase given in Fig. 56d — even the current of water! 
Now, the phase of Fig. 56d however is quite abnormal, and caused 
by exhaustion, as after 5 mnts. it is already followed by final 
stagnation of the flagellar movements. The explanation, why these 
last phases (Fig. 56c,d), the rowing-movement, have always been 
found by the investigators and never the first one (Fig. 56 a), the 
screw- or undulating-motion, is quite clear now. Moreover, I will 
just call attention to what BOWERBANK said, as I quoted already 
on p. 121: „When in vigorous condition their motions” (of the 
flagella) ,are rapid and cannot readily be followed, but in 
some in which the action was languid” ete.! Probably one 
has always observed the movements of more or less exhausted flagella. 


1) That is to say, compared with the former intense motion; it still goes rather 
quickly. 
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I say „probably”; for I can only speak of the motion of the 
flagella of the Spongillidae; it might be possible, though to me 
it does not seem very likely, that in other sponges the movement 
is quite a different one. 

It stands to reason that my observations are not confined to 
the one given here. I have made many, and all of them with 
the same result. I shall not describe them again, but I will only 
give a few illustrations; they speak for themselves (Fig. 57 a—f). 
The same for a number of choanocytes still joined within a part 
of a flagellated chamber (Fig. 58 a—c). 

Always — in favourable conditions of course: the’ choanocytes 
are often immediately damaged — the motion of the flagellum 
was at first a rapid succession of (spiral-) waves of small ampli- 
tude. The waves were moving — without any exception — from 
the base to the top of the flagellum; and consequently the water 
with the particles was pushed on from the cell quickly and in a 
straight line through the axis of the flagellar spiral, while it flowed 
towards the base laterally. One can understand that with such a 
rapid succession of actions it was not easy to make out, whether 
the flagellum moved exclusively in one plane, as a flat motion, 
or as a spiral one; one time it showed a flat wave, next deci- 
dedly a spiral; however, it does not matter very much. (I will - 
revert to this subject later on.) 

After a short time this regular, rapid motion passed always 
into a slower, less regular one, during which at first the un- 
dulating-motion (and the water current) persisted, but this soon 
ceased, to pass into the still slower and more irregular rowing- 
motion, by which the water was only stirred a little, and no 
more pushed away. The end was absolute stopping of the stretched 
flagellum; but not always for long. Sometimes (Fig. 57) the mo- 
vement began again after a quarter of an hour’s rest, but very 
seldom the original rapid undulating-motion (and then only for 
a few moments), but more the later phases, alternatively, now 
the rowing-motion (Fig. 57 d), then the „lash” (Fig. 57 e); and not 
fluent but jerking, interrupted by periods of rest, and very soon _ 
followed by entire stagnation, the flagellum (Fig. 57 f) stretched, 
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out. Such a period of weak motion may be repeated several times. 

As is shown in the figures, the collars were sometimes visible 
for a small part; generally they appeared more clearly when the 
motion had almost ceased (sign of relaxation of the protoplasm- 
contractility when death is approaching ?). 


We might now go into a theory about the contractions of the 
protoplasm, which must take place in a flagellum in order to 
bring about these (spiral-)waves. And we should be the more 
justified in doing so, 1st because the spiral- or undulating-motion, 
as we shall see presently, is in fact the normal way of flagellar 
movement of the choanocytes, and 2nd because in my opinion it 
is very likely that in the changing of this movement by exhaustion 
we could find a good starting-point for such a theory about its 
mechanism. 

As all this, however, would only be more distantly connected 
with the subject we are treating at present, I prefer to leave it 
till lateron. 


Though we may have shown now, that the normal motion 
of the flagellum is more likely a spiral- or waving- than a 
rowing-motion, as the former investigators had found, we have 
not yet proved, however, that the normal motion of the flagella 
within the intact flagellated chambers is really also a spiral- or 
undulating one. For up to now I described observations of ravelled 
sponge tissue. 

Here my method, which makes it possible to observe wholly intact 
normally living sponge tissue with oil-immersion for a long time, 
has rendered me good service. This method has been described on 
p. 12—138. Only Spongilla is fit for it (as Ephydatia grows too 
slowly) and exclusively in summer. If the microscopic preparations 
have been made with care and if the outward circumstances have 
been favourable (sufficient warmth !), then we find, within a week’s 
time, the vigorously acting flagellated chambers with in- and ex- 
current canals everywhere in the sponge-rim — so in the newly 
formed tissue. 
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A remarkable sight to watch such a flagellated chamber! At 
first one sees only a round hole into which, so to say, the water 
runs in from all sides in incessant current, like a round cas- 
cade (the water disappearing in the middle). 

Of course, this is only optical delusion. The current of water 
itself cannot be observed, and what one took for the undulating 
streamlets are simply the (spiral-)waves of the flagella, that run 
on from all sides of the chamber to the centre. For the choano- 
cytes are, with their base, attached to the inside of the wall of 
a globular space (the chamber), so the flagella are all directed 
towards the centre (Fig. 55). The collars will be treated lateron. 

Examining now the flagella very accurately, one immediately 
recognizes the flagellar motion, that we have got to know above as 
normal in the isolated choanocytes (eg. Fig. 56a); but this one here 
is much stronger! The (spiral-)waves are running on very clearly 
in rapid succession from the base towards the top of the flagellum ; 
their amplitude is very small, still smaller than Fig. 56a shows; 
sometimes the flagellum is almost stretched; another time it seems 
as if there are some smaller waves superposed on the larger ones, 
which is certainly possible. 

An accurate illustration of such a strongly acting flagellated 
chamber is given in Fig. 59, drawn from nature. Beside the (ge- 
nerally occurring) very rapid spiral- or undulating-motion some 
flagella of a chamber may show a somewhat slower one with a 
larger amplitude, in the way as shown in Fig. 566. Probably, 
this last phase is inserted now and then, as a rest-period, be- 
tween the normal, quick undulatings; I at least saw it sometimes 
pass into the rapid one. 

For hours one may observe the movements; one never sees 
any other than those, mentioned here: the quick (spiral-)waves _ 
with now and then a slow one between. I have observed them 
repeatedly in numerous different preparations, in the course of 
several years (1915—’16—’17); always with the same result. 
Also, Professor VOsMAER and Professor PEKELHARING — I am 
very glad to mention — have enabled me to demonstrate to 
them, in my living preparations, the flagellar motion of the in- 
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tact chambers, described here. Both considered my conception as 
_ convincingly proved by the preparations. 

As an exception, however, the chambers did not show these forms 
of the flagellar motion. It occasionally happened, that after hours 
of observation and experiment (with carmine) the movement became 
different: a relatively very slow one, and no more the normal 
but the same abnormal ones, which I have described in Fig. 56 b-d, 
as being caused by fatigue and exhaustion. Accordingly, they 
were always soon followed by entire stopping. 

Now the collars and cell-bodies of the choanocytes need treating. 
The cell-bodies, in my living tissue preparations, were in general 
not to be distinguished separately, as one easily understands; one 
only sees their joined layer as a whole, round the chamber; just 
as is given in Fig. 59. 

The collars are to be seen in great number in the chambers; _ 
they are very long and leave their flagellum uncovered only for 
rather a short part at the top (Fig. 59). (I will return to this 
subject.) Watching a collar vertically on its longitudinal axis, one 
never sees its apical edge; evidently, this is so thin that it es- 
capes to the eye. In this way of a collar one only observes two 
straight lines (the extending wall) at the side of the flagellum. 
As there are such a great number of cells in a chamber, it is not 
astonishing that one often has great difficulty in finding out the 
flagellum with its own two collar-lines (of course, one immediately 
distinguishes the former from the straight collar-lines by its 
motion). It is quite an other case with the collars on the top 
of which one can look; so when our eye is in their longitudinal 
axis. Then one sees the edge of the collar very distinctly (as a 
little circle), in which the flagellum (as a tiny spot) (Fig. 60). Of 
course, [ could not give all this in Fig. 59; I, therefore, only for 
clearness’ sake have drawn the apical edge of some of the collars, 
though in fact they can not be distinguished in this position. 

Finally I should mention that I have never observed anything 
of the so called Sorras’ membrane; this quite agrees with the 
results obtained by VosMAER and PEKELHARING (61). 

_I now still have to speak of the shape of the flagellar move- 


132 


ments. Is this in fact a spiral, or is the whole wave in one flat 
plane? It could not be made out very well in the isolated choa- 
nocytes; but all the better in the intact flagellated chamber. For 
there we see, as I said before, a number of collars from above on 
the top (as a circle), the flagellum within (as a spot) (Fig. 60). It 
then proves that that spot — the section of the flagellum — 
usually deseribes a flat ellipse or an almost straight line (Fig. 61, 62); 
consequently, that the flagellum itself performs its undulating- 
motion either as a flat spiral or in one flat plane. (As above 
mentioned, this makes but little difference to the effect on the 


water). 


So we have shown definitively that the normal flagellar motion 
of the choanocytes is: a very rapid succession of (spiral-)waves of 
small amplitude, going on from the base to the top of the fla- 
gellum (Fig. 56a, 59) and causing a current of water straight 
through the axis of the flagellar spiral also in the direction from 
base to top, while the water flows laterally towards the base. Ex- 
haustion causes wholly different flagellar motions with abnormal 
current of water. 


The water-current caused by all the flagella together in a fla- 
gellated chamber must of course be the resultant of all the little 
currents, caused by each of the flagella separately. We have got 
to know the current of water during the normal motion of the 
flagellum of the isolated choanocytes (p. 126—128). Within a 
flagellated chamber the current of water, caused by each flagellum, 
must, as the mode of moving of each flagellum is the same, 
necessarily be equal to that which the flagellum would show in 
isolated condition of the choanocyte; so here there must be again 
for each flagellum a current of water through the axis of the 
flagellar spiral away from the cell, so now directed towards the 
centre of the chamber, while the water flows on towards the 
base of the flagellum laterally (Fig. 58a). The whole water-current 
within the flagellated chamber, as the resultant of all little currents 
caused by each flagellum separately, can be made clear in the best 
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way by a diagrammatic figure (Wig. 65). This figure does not 
need special explanation; it is planned after Fig. 55, mentioned 
above (p. 120). Zt shows how the water must flow rapidly and 
regularly from the prosopyles (there is only one indicated here, 
but there are 2—5 in a chamber) between the cell-bodies and the 
collars of the choanocytes to the base of the flagella (here really 
the opening of the collars), to be pushed from there by the fla- 
gellar motions to the centre of the chamber, thence to flow away 
through the apopyle. It is impossible to prove here (eg. by adding 
carmine) that the current of water has indeed entirely this 
course, because — the next chapter will show this — the carmine 
grains, carried along by the water between the choanocytes, are 
kept there. This penomenon, however, proves already quite 
sufficiently that the water-current within a chamber has in fact 
the course given here (Cnf. Fig. 65, 66). 

If one asks about the differences of the water-pressure within 
the canal-system of the sponge, it is quite clear that, with the 
diagram given here (Fig. 63), this pressure must be highest in 
the centre of the flagellated chamber (higher than in the sur- 
rounding water) and lowest (lower than in the surrounding water) 
at the flagellar bases, while it is increased exactly in and by the 
zone of the flagella. In order that a powerful, steady current 
may be maintained by the chamber and that, therefore, the water 
may enter rapidly and exclusively at the prosopyles and flow 
out by the apopyle, the structure of the flagellated chamber must 
comply with definite requirements. And these requirements do 
not only count for the sponges of the type of Spongilla but mu- 
tatis mutandis for sponges of any canal-system, either Calcaria or 
Incalcaria (provided of course that there exists the same flagellar 
motion). These requirements are: that the incurrent openings 
(prosopyles, pori) of the chambers (mastichore) are relatively 
narrow, the excurrent openings (apopyles, osculum) relatively 
wide and that the former are placed among the choanocytes (all 
this is generally realized). For the high pressure in the centre 
of the chamber naturally makes the water flow out through the 
largest opening, while over and above the flagellar motion in 
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connection with the placing of the prosopyles among the choano- 
cytes prevents any outflow by this last way. On the other hand 
the low negative pressure, that rules at the base of the flagella 
and consequently in the whole zone of the cell-bodies of the 
choanocytes, must suck up the water from as near as possible, 
so here through the prosopyles; while moreover all water dis- 
placement from the centre of the chamber, therefore also from 
the apopyle, to the base of the flagella is excluded by the action 
of the latter (perhaps except on the apopylar edge of a choano- 
cytic layer, so there, where this one passes into the pinacocytic 
covering; but this water displacement is either of little impor- 
tance (Homocoela) or measures must have been taken against it 
— more about this later on). 

So in fact we must be able to distinguish always three sharply 
separated parts in each acting flagellated chamber with regard 
to its contents of water: 1st the zone of the negative pressure, 
that is the zone of the cell-bodies of the choanocytes with the 
prosopyles; 2nd the zone of the flagellar function, so the zone in 
which the water-pressure is increased from negative to positive; 
3rd the zone of the positive pressure, that is — let me say so 
for the present — the centre of the chamber with the apopyle. 
All passing of water from the Srd into the 1st zone must be ab- 
solutely excluded; of course also immediate passing from the 
1st into the rd; but passing from the 1st into the 2ed and from 
the 2d into the Srd zone must certainly take place, and that as 
quickly as possible. 

Besides the above mentioned relative width of the in- and 
excurrent openings and the situation of the former among the 
collar-cells, also the situation of the choanocytes with respect to 
the excurrent opening must be considered as an important factor 
for a good regulation of the water-current within a flagellated 
chamber. The movements of the flagella together give a certain 
direction to this current, so if there is an opening in the wall 
of a chamber exactly in the direction of that current, it is in- 
evitable that the water will flow out by tt. The importance of 
this factor appears very clearly from both these cases: the first, 
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taken from ScHULZE (52) and already mentioned by VosMAER 
and PEKELHARING (62), regards sponges which show the diplodal 
type of canal-system, where in general there does not seem to 
be such a great difference in width of the prosodi and aphodi, 
as both are narrow. It now appears that here (in Chondrosia eg.) 
the flagellated chambers are pear-shaped and that they only carry 
choanocytes at the side, opposite to the ,stem’’, while the ,stem’’- 
side is covered by pinacocytes. Now the »stem” is formed by the 
excurrent canal, while the incurrent canal ends among the choano- 
cytes. It is a matter of fact that, with such a structure, the sepa- 
ration of the flagellated chamber into the three pressure-zones 
wanted is guaranteed. 

The importance (to the water-current within a sponge) of well 
placed choanocytes, with respect to the apopyle of a chamber, 
appears, however, even more clearly from what I have been able to 
state on my living microscopic preparations of Spongilla. It proved 
several times, when I had the chance to observe a flagellated 
chamber with its excurrent canal exactly from the side, that here 
too the choanocytes are almost exclusively attached to the wall 
opposite to the apopyle (see also Fig. 55, after VOsMAER and 
PEKELHARING) and that, when moving, all flagella are directed 
towards that opening, that even, sometimes, they are beating 
with the tops outside the apopyle, so in the excur- 
rent canal (Fig. 64, 73). The latter is of much importance, as 
will soon appear. 

First something else. On p. 131 I mentioned that the collars 
only left their flagellum uncovered for rather a small part at the 
top (Fig. 59). The consequence will be, that the flagella only in- 
fluence the water with a small part (the top outside the collar) ; 
for it goes without saying that the water-circulation within the 
narrow collar can not be important and, besides, will be closed 
for the greater part in itself. Consequently, the choanocyte pos- 
sesses in the length of the collar a very good means of regulating 
the effect of its flagellar motion: the shorter the collar, the stronger 
the effect. One might make the objection that energy would then 
be wasted by the flagellar motion within the collars. But con- 
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sider that the energy which is lost there for the sponge cannot 
possibly be of much importance, as hardly any water is moved 
and, besides, the water that is moved circulates for the greater 
part closed in itself, as I mentioned. 

Let us return to our question. What does it mean when on 
the one side we see in a Spongilla that only ‘the tops of the 
flagella protrude outside the collars, and on the other side that 
sometimes these tops are beating outside the apopyle (Fig. 64)? 
That means that in such a case 1st the centre of the flagellated 
chamber with the apopyle has become zone 2, the zone of the 
flagellar function, so of increasing pressure, and 2nd that zone 3, 
that of positive pressure, is removed from the chamber into the 
excurrent canal. Consequently, it is absolutely excluded that any 
water might flow from zone 3 into zone 1; and the more so, as 
we know that the apopyle is always much narrower than the 
chamber itself (I even think to be justified in supposing that it 
may be able to change its lumen as a sphincter; which WELTNER 
too mentions (65)). One can also understand, however, what a 
powerful effect the motion of so many flagella crowded together 
in an apopyle, and all of them acting in one direction, must 
have; what a very strong current of water it must cause! 

In the same way as I have described here for the flagellated 
chambers of the Spongillidae, there will also be accessory arran- 
gements to be discovered in the chambers of the other sponges, 
helping to perfect the circulation of the water; of course always 
by improving the system of the 3 zones of pressure, mentioned 
on p. 134, and the rapidity of the removal of the water from 
the 1st into the 2nd and into the 3rd zone. 

Of course there occur also a number of accessory arrangements 
outside the flagellated chambers — in other parts of the canal 
system — for the same purpose. For shortness’ sake I will not 
enter into this question here; and the more so, because it has 
been treated in extenso by VosMAER and PEKELHARING (62) and 
my results do not give anything new. 


So we have seen in this chapter that the current of water through 
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the canal-system of the fresh-water sponges is caused by the flagellar 
motion of the choanocytes in the flagellated chambers. This motion 
(in normal condition) takes place in a spiral- or an undulating- 
line, namely in a very rapid succession of waves of small ampli- 
tude, passing along the flagellum from the base to the top (Fig. 56a, 
59); by which a current of water arises straight through the axis 
of the flagellar spiral, and similarly in the direction from base to 
top, while the water flows on at the side of the base (Fig. 56a). 
Exhaustion causes quite different motions of the flagellum, with 
abnormal current of water (Fig. 56 b-d). The whole water-current 
within a flagellated chamber is of course the resultant of the little 
currents caused by each flagellum separately; it is rapid and re- 
gular (Fig. 63). In order that a powerful and steady current may 
be maintained by the chamber, and that, therefore, the water will 
flow in quickly and exclusively at the prosopyles and flow out by 
the apopyle, the structure of the flagellated chamber must comply 
with definite requirements. This structure must be such that: 

a. the 3 zones, which can be distinguished in a functionating 
chamber, 1st the zone of negative, 24 that of increasing, 
ard that of positive water-pressure, remain absolutely separated, 
so that no water can pass from one zone into the other in 
any other way than from the 1st into the 24 and from the 
2rd into the 374 zone (Fig. 63). 

and that: 
b. this way of passing of the water goes as quickly as possible 


(Fig. 64). 


Finally some separate points: 

The motion of the flagella in the chambers does not change 
when the ostia close, as I repeatedly stated. 

Besides the above (p. 135) mentioned function of regulation 
of the current, we can probably ascribe to the collars that of 
protection of the flagella against injury and mutual entanglement. 
A third and much more important function will be treated in 
the next chapter. 

Finally I should mention that DeLace and HEÉROUVARD (16) 
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1899 and Sorras (53) 1906, either of them in their own way, 
must have felt something of the theory, described and proved 
here, of the movement of water in sponges. Sonias is nearer the 
truth than both the other investigators; none of them, however, 
gives proofs or even mentions experiments. 


C. THE INGESTION OF FOOD IN THE FRESH-WATER 
SPONGES. 


Preceding Researches. — The question of the ingestion of 
food is closely related to that of the water-current; therefore 
the investigators have usually studied them together. 

When studying this problem one should discern the ingestion 
of solid food from the feeding upon substances in solution in the 
water. 

According to Ptrrer (48, 49) 1909 and 1914, it would be 
absolutely impossible that a sponge feeds on solid food only; on 
the contrary, it would be more likely that it feeds on organic 
substances in solution, which would be present in the water in 
(relatively) large quantities and would diffuse through its surface 
into its tissues. I shall not speak now about the — to my 
opinion exact — critic on Pürrer’s theory by BrEDERMANN (6) 
and Lipscuirz (40). I myself have never found a proof of its 
exactness during my investigations; on the contrary, the argu- 
ment on which this theory its based (the deficit of solid food) 
seems rather not binding for the (green) fresh-water sponges — 
see pag. 96. But, of course, [ do not think the possibility 
entirely excluded, that a sponge absorbs also feeding substances 
in solution. Already Hancken (25) 1872 thought this probable. 
On the other hand, however, one certainly has no right to con- 
sider the research of LorseL (41) 1898, who saw vital staining 
solutions taken up by sponge tissue, as a proof that sponges may 
really take up feeding substances in solution, as MINCHIN (45) and 
-SOLLAS (53) do, and also Topsent (57) to a certain extent. For 
we know from the researches of Overton (1902) that, although 
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a certain number of substances may enter a cell by diffusing 
(eg. the vital stains), a large quantity of other substances may 
not, and especially those, that might be food to the cell. This 
entering or not-entering would in this case be a physical pheno- 
menon, independent of the activity of the cell (lipoid-theory of 
Overton). Although we are obliged, as Héser (30) 1911 points 
out rightly, to admit beside this physical permeability still a 
physiological permeability of the cells, in order to make the ab- 
sorption of nutriment (in solution) conceivable, we may never 
consider the absorption of vital stains by cells as a proof to the 
possibility of also absorbing nutriment in solution. 


The capturing of solid food is generally stated for sponges. 
As to this, the view of Vosmarr and PEKELMARING (62) 1898 is 
almost generally acknowledged in literature, as I mentioned already 
in the Introduction. These investigators showed once more and 
by better proofs than the others, that the flagellated chambers 
would be the chief ,eating-organs” of the sponge. 

These experiments were made in the following way: A Spon- 
gilla or a Sycon, having been for some time in water with car- 
mine or milk, was either immediately killed in 1°/, osmie acid 
or placed back into pure water and killed afterwards. The sponges 
were examined in sections or in maceration preparations. I will quote 
here the description given by VOsMAER and PEKELHARING: „In 
sponges which had been for half an hour to two hours in water 
with carmine or milk we found..... a considerable quantity of 
carmine in the choanocytes, while in the pinacocytes and in the 
cells of the parenchyma particles were seen here and there, but 
in a considerably smaller quantity than in the choanocytes..... 
If the sponge had remained for hours (to 24 hours) in the car- 
mine, there was more carmine in the cells of the parenchyma 
than in the choanocytes. If, after a stay of many hours in car- 
mine, the sponge was placed back into pure water for some hours, 
the carmine was abundantly found in the cells of the parenchyma, 
and hardly at all in the choanocytes. Feeding with milk had 
about the same results....... we believe we are entitled to 
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say that the choanocytes really are the organs by which particles 
suspended in the water, passing the canals, are captured and thus 
brought into the tissue of the body”. 

It is a matter of course that VosMAER and PEKELHARING 
conceived the mode of capturing food by the choanocytes in 
perfect agreement with their theory of the water-current, which 
theory I mentioned at large on page 123—124. So the investigators 
say: ,The particles (suspended in the water) are.... transported 
to the flagellated chambers..... here the regular current at 
once changes into a very irregular movement” (as in Fig. 586). 
»Lhe particles are moved to and fro in the chamber, and though 
they partly leave the chamber through the apopyle, a number 
will, however, arrive within') the collars of the choanocytes. 
The protoplasm of the cells then seizes the particles in order to 
give them off again to the cells of the parenchyma. This does 
not prevent that now and then particles can be seized by cells lining 
the canals; but this will always be of less importance. Mer- 
SCHNIKOFF’s opinion that the flagellated chambers were not the 
real ,eating-organs”...... is not sufficiently supported by his 
observations”. 

Thus runs the theory of VosMAER and PEKELHARING. MINCHIN 
(45) 1900 holds a somewhat different view, namely that of 
MeTSCHNIKOFF (44) 1892. Although this theory of MeETSCHNIKOFF 
has been contested by several investigators — eg. by VOSMAER 
and PEKELHARING — and BIEDERMANN (6) declares: „diese letz- 
tere Behauptung” (the MerscuNikorr theory) ,erfuhr...... keine 
Stütze, indem sich herausstellte, dass die Kragenzellen wirklich 
die einzigen direct nahrungsaufnehmenden Elemente sind”, I 
shall quote Mincuin’s words, as they become of importance by 
the results of my research. Mincuin says: „Although the problem 
might seem a simple one, there is no question which has been 
so much discussed as the nutrition of sponges...... With regard 
to the ingestion of food two opposite opinions have prevailed, 
one set of investigators attributing an ingestive function to the 


1) Italics from me, v. T, 
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collar cells, another set regarding the „mesoderm cells” as the 
true phagocytes. Those who hold the former view explain the 
presence of ingested particles in mesoderm cells as having passed 
on to them by the collar cells. The true explanation seems to 
lie, as MerscuNikorr has pointed out, between these two opinions. 
The „mesoderm’’ shows a great difference as regards its degree 
of evolution in different types. While in some, eg. Ascons, the 
parenchyma is scarcely developed, in others it reaches a high 
grade of complication. In accordance with these differences the 
part played by the parenchyma in capturing food may, in some 
cases, be very slight, in others very great. There can be no 
doubt whatever, from numerous experiments that have been per- 
formed by various investigators from CARTER and LIEBERKÜHN 
in the fifties up to VOsMAER and PEKELHARING at the present 
time, that in many sponges at least the collar cells are very 
active in capturing food. On the other hand, these cells are from 
their nature and size incapable of ingesting large bodies such as 
Infusoria or Diatoms. Food of the latter kind could only be 
absorbed by becoming entangled in the webs of tissue in the 
incurrent canal system, there to be absorbed by the phagocytic 
wandering cells, or, it may be, by porocytes”’. 

„Considered generally, sponges present a gradual evolution as 
regards the power of ingesting food materials, corresponding to 
the evolution of the canal system. In the simplest forms, such 
as Ascons, microscopic food particles are ingested by the collar 
cells; larger bodies, such as diatoms may be captured by the 
porocytes, which close upon them like a trap when they enter 
the intracellular lumen of the pore. The collar cells represent 
however the chief „eating organ” of the sponge”. 

„In other sponges the complications of the incurrent system 
represent a progressive elaboration and perfection of an apparatus 
for assimilation, doubtless, in the first instance, of bodies too 
large to be absorbed by the collar cells. As the water passes 
through the inhalant canals and spaces, food in it is captured 
by cells in the parenchyma, either by phagocytic amoebocytes 
or, perhaps, also by porocytes. The function of ingestion may 
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finally be usurped almost entirely by cells in the parenchyma ; 
the collar cells then become concerned only with the production 
of the current, their ingestive activities being in abeyance (Merr- — 
SCHNIKOFF).”’ 

Thus Mrncuriy. Finally I will just mention what Corrr (12) 
1902 says about the mode of ingestion of food by the choano- 
cytes: „je suis disposé a croire que.... ingestion peut se faire 
par toute la surface de la cellule active”. But further: , L’inges- 
tion parait se faire généralement dans une espace annulaire situé 
entre le flagellum et la collerette”. And „Le seul rôle que nous 
puissions actuellement préter (aux collerettes) en dehors d’une 
intervention active dans les faits de phagocytose, est celui de 
guider les particules alimentaires vers la base du flagellum, point — 
où la phagocytose parait se faire avec le plus d’énergie’’. 


Personal Research. The 4 principal questions, which I 
shall have to treat, are therefore: 1st Are the food particles. cap- 
tured from the water by means of the choanocytes of the flagel- 
lated chambers? 2nd In what way does this capture by the choano- 
cytes take place? 3rd What happens to the particles captured? 
4'k Does the sponge dispose of still other means of capturing floating 
particles from the water? 

I have been able to answer these 4 questions, among others by 
observing my normally living microscopic preparations of sponge 
tissue (p. 12—13). I therefore placed these preparations in water 
from the conduit, to which I added some carmine, or in a very 
diluted suspension of green symbiotic algae isolated from another 
sponge. To make the observation succeed, it is necessary to trans- 
port the preparations already some hours in advance into the 
glass vessel (with the suspension) finally used for microscopising, 
otherwise one never sees the capturing of the particles; for, pro- 
bably, the ostia remain closed after the transport of the sponges, 
to be opened only after some time, so that only then the normal 
water-circulation starts. The phenomena can never be observed 
so beautifully with a suspension of symbiotic algae as with a 
carmine suspension. 
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It goes without saying, after the results obtained by VosMArR 
and PEKELHARING with carmine-feeding to Spongillae, that I too 
found the first question affirmatively answered: T'he particles floating 
in the water are captured in a mass by the choanocytes of the 
flagellated chambers; very often their layer is dyed quite red by 
it (in case of carmine nutrition). It also stands to reason that, 
since I had stated a mode of motion of the flagella and the water 
within the flagellated chambers quite different from that described 
by both the investigators mentioned, also the way in which the 
choanocytes capture the food particles was bound to prove wholly 
different: those particles are not captured inside the collars at all, 
as VOSMAER and PEKELHARING thought, but on the contrary out- 
side-between the collars (especially at their base) or between the 
bodies of the choanocytes themselves. That this must necessarily 
be the case, immediately appears from Fig. 55, 59 and from Fig. 63, 
the diagrammatic representation of the water current in a flagel- 
lated chamber as the resultant of the streamlets produced by 
each flagellum separately. For the bodies and collars of the choano- 
cytes must, so to say, filter the water, circulating between them, 
free from floating particles. 

I shall now give a description of the capturing of carmine, as 
I have been able to observe so many times in my living sponge 
preparations. So the little sponge is in carmine suspension under 
oil immersion in an Engelmann case; one has selected a favourably 
situated flagellated chamber. 

It is beautifully to be seen how the carmine is captured! Con- 
tinually grains run on rather rapidly to the flagellated chamber, 
carried along by the water in the incurrent canal; they slip into 
the prosopyle, but then they are either immediately kept or first 
they move quickly a little aside into the choanocytic layer, and 
stick there. On more accurate observation, however, the grains, 
after entering the prosopyles, prove in most cases to slip through 
the choanocytic layer, but, when having got to the base of the 
collars, to suddenly deviate aside and to be soon captured — still 
at the bases of the collars. Only very seldom a grain penetrates 
any farther, in the zone of the collars themselves; as most of 
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them have been captured in advance, either between the bodies 
of the choanocytes or between the bases of the collars. The 
movement of the flagella is always the rapid spiral- or undulating- 
motion, which was mentioned above as the normal one; the col- 
lars are normal, far extended. 

These different ways of capturing carmine grains are represented 
in Fig. 65, 66. In both figures the choanocytic layer is drawn 
for convenience’s sake as a broad circle; and the way taken by 
the grains is indicated by dots; while in the last figure — drawn 
from nature — the choanocytic layer has been represented as 
loaded with carmine. 

After all I have said and drawn about the structure and the 
water-current of the flagellated chambers (p. 182—134, Fig. 55, 
59, 63), the here described way of capturing carmine between 
the choanocytes — by which the water circulating in a chamber 
is so to say filtered — is quite intelligible. I only want to point 
out that the phenomenon, that the carmine grains generally 
immediately pass the choanocytic layer, but then suddenly 
deviate aside along the base of the collars to be kept there, 
can be explained by the fact that in a living chamber on the 
one side the bodies of the choanocytes are shorter and bigger 
— which makes the open spaces between the separate cell 
bodies much smaller — than has been represented in Fig. 55 and 
in the diagrammatic Fig. 63, while on the other side the 
collars are approaching each other more and more in the direction 
of the centre of the chamber. In other words: the flowing 
water will find the widest passage in a chamber exactly at the 
bases of the collars (compare Fig. 59). Therefore, however, 
one should not think that zone of the bases to be extremely 
unfit for capturing floating particles; that only depends upon 
the relative size of the latter. The carmine grains now are $— 
1 u, the symbiotic algae 2—3 jm; thus so small that they can 
just pass the prosopyles, while they will stick between the bases 
of the collars. The more so, as we may suppose that the collar 
cells, for the advancement of that purpose, will be provided with 
a sticky, mucous surface, as is also accepted for protozoa. 
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Many times I have observed this phenomenon of carmine cap- 
turing, in different preparations during several years (1915, 716 
and ’17); it always took place in the way described here. I had 
also the opportunity of demonstrating it to Professor VOsMAER and 
Professor PEKELHARING; both held my conception convincingly 
proved by the living preparations. 

In exactly the same way as described now for carmine, I have 
also observed several times green symbiotic algae being captured 
by the choanocytes in a chamber. 

As mentioned before, only very seldom a carmine grain gets 
into the zone of the collars, as most of them have generally been 
captured already in advance. If it does take place, however, it 
is the collars which prevent their escaping. For these appear to 
be very active enlargements of the capturing-surface of the choano- 
cytes, as the particles which might have escaped from their cell- 
bodies or collar-bases are, in most cases, held between the long 
collars, as I have been able to observe. A representation of such 
a case is to be seen in Fig. 67, a carmine grain which I saw 
captured between 3 collars (seen from above). Afterwards one 
can see the grain slowly descending along a collar to the base. 
(Fig. 68, 7-2). I saw the same thing happen to green symbiotic algae. 

So here we have stated the remarkable fact, that the choanocytes 
capture the food particles in exactly the same way as the Choano- 
flagellata. 

Only very rarely a carmine grain quite succeeds in escaping 
from the collar cells; then one sees it slip through the chamber. 
Sometimes also, the way, gone by a grain in the chamber be- 
fore being captured, seems different from the normal one; an 
explanation might be given for it, but cannot be proved. 

Now the prosopyles still need treating. They are generally not 
to be distinguished, even if one sees the carmine grains enter 
the flagellated chamber at a certain point; and no wonder. For 
one does not see the separate collar-cells either, but only their 
joined layer as a whole. So it may count as a peculiarity, that 
there were even two prosopyles to be distinguished in the chamber 


of Fig. 66. The left one was varying in width; I measured it as 
10 
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1—8 g on an average. The right one, on the contrary, was more 
normal viz. narrower, with the ordinary width of 3—4 u, and 
constant as to size. Further, I think to have observed once a 
great change of a prosopyle of another chamber, viz. that it — 
narrowed from an at first long, rather wide fissure to an opening 
of 4 pg. Taken for itself this seems a queer observation, rather to 
be explained by optical delusion. But it deserves our attention, 
when one considers it in connection with the preceding and with 
what DeLAGE (15) says about the prosopyles of Ephydatia: „méats 
intercellulaires de grandeur et de forme extrémement variables, 
produits par écartement peut-étre temporaire des cellules flagel- 
lées pour donner accès à l’eau”, while also WELTNER (65) writes 
that. they can arise and disappear again. In fact, this would be 
logical; as in that way a flagellated chamber, after the choano- 
cytes near the existing prosopyles had been overloaded with par- 
ticles from the water, could open quite new prosopyles simply 
by separating some other choanocytes. 

Finally I want to remind, that all these experiments with the 
normally living microscopic preparations could only be made with 
tissue of Spongilla (as Ephydatia grows so very slowly). 


I now must answer the 374 question, namely what happens to 
the particles from the water, after they have been captured by the 
choanocytes at the base of the collars. 

Those particles — carmine grains or symbiotic algae — are 
then taken up by the protoplasm of the choanocytes and carried 
along into the cell (Fig. 66). How, I have never been able to 
observe; but one sees them enter the choanocytic layer; while 
one also sees them very distinctly, either in intact flagellated 
chambers or in isolated choanocytes, within the separate cells 
and always free in the protoplasm, never enclosed in a vacuole. 

Next those particles are rather soon ejected by the collar cells 
again into the surrounding tissue — let me say here, into the 
intercellular plasmic groundsubstance”’, in which also the chloro- 
phyll carrying amoebocytes are to be found (chap. F.) — from 
whence those amoebocytes take them later on. This fully corresponds 
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to the results of VosMAER and PEKELHARING (p. 139—140). I have 
been able to observe it several times in my living preparations, 
regarding symbiotic algae as well as carmine. 

A description may follow here. Fig. 69 represents a flagellated 
chamber with its normal surroundings of ,intercellular’ substance 
and amoebocytes (the figure has been drawn true from nature). 
The shuttle-shaped amoebocytes with the green algae continually 
slide in various processions -— often directed oppositely (see 
arrows) — past the chamber; no canals are to be seen. The 
flagella show the normal rapid spiral- or undulating-motion. In the 
choanocytic layer a number of green symbiotic algae are lying 
together at the base, in groups of 5—15; sometimes such a 
group is to be found in a protrusion of this layer (Fig.: 1). There 
all at once, in less than no time, the algae of that group are 
lying outside the layer, free in the ,intercellular’’ space, but 
still on their original place (Fig.: 2). So the protrusion of the 
choanocytes must have been withdrawn and must have „left 
behind” the algae. At least in this way one should explain the 
phenomenon, that has such an exceedingly rapid course. Next the 
algae, which got free in this manner, are slowly spread all over 
the „intercellular’” substance (Fig.: 3), from where the amoebo- 
cytes will be able to take them up at their desire. That, in fact, 
the amoebocytes do so, will appear from a following observation. 

But first I will describe another flagellated chamber in a prepara- 
tion, in carmine suspension. Situation almost as in the preceding 
figure, though here canals are to be seen. Here is to be observed 
very distinctly how the carmine is ejected into the parenchyma 
(Fig. 70, I—III; from nature); namely two small grains (a and 6) 
ejected one after the other from a protrusion of the choanocytic 
layer. The figures speak for themselves; in I the original condi- 
tion is given; in II the successive removals of grain a, after it 
has been expelled, are indicated by 1—45; and in III the same 
is given for grain b. Here the ejecting takes place into a very 
plastic ti8sue-bridge. 

Then a flagellated chamber overloaded with carmine in the 
same preparation (Fig. 71, true from nature), while the carmine 
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from the chamber as centre begins to spread through the „inter- 
cellular” substance by little streamlets moving to and fro. The 
flagella are in rapid spiral- or undulating-motion. In the choano- 
eytic layer the small carmine grains are united at the base into 
conglomerates, just as we saw already for the algae; while also 
outside the chamber in the tissue the conglomerates are more 
numerous than the separate grains (Fig.). Already some amoebo- 
cytes in the neighbourhood have taken up carmine. This must be 
originating from the choanocytes and have been taken from the 
intercellular”? substance, as there is nowhere any carmine to 
be seen in the whole preparation, except in 6 flagellated cham- 
bers with their nearest surrounding. Now, after the preparation 
has been in pure water all night, the next morning the above 
mentioned chambers are almost without carmine; but in the 
surrounding there are many carmine conglomerates, sometimes 
still free in the „intercellular’” substance, most often however 
situated within the amoebocytes with algae (and then by times 
within a vacuole). 

The here described phenomena of taking up carmine or algae 
within the choanocytic layer, followed by ejecting into the „in- 
tercellular” plasmic substance and being taken up again by the 
amoebocytes with green algae, have been studied by me several 
times, although not in all their minor subdivisions; and this not 
only by observing normally living preparations of sponge-tissue, 
but also with the aid of ravel preparations. 

One might now ask what happens to the particles captured, 
after they have got within the amoebocytes with symbiotic algae. 
I shall postpone this question to the next chapter, to first answer 
the last-question of p. 142. 


Does the sponge dispose of still other means of capturing float- 
ing particles from the water? I have been able to answer this 
question affirmatively, again by observation of my normally living 
microscopic preparations. The phenomenon, however, is very dif- 
ficult to observe, as a number of favourable conditions must be 
realized together — which only happens very seldom, It was not 
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until J had obtained in another way the proofs, that there should 
still exist in the sponge an entirely different method of capturing 
food, that I succeeded in observing it in my living preparations. 

Those proofs were in short: 

1. If one makes a ravel preparation of a little sponge (Spon- 
gilla or Ephydatia) that has been in a suspension of carmine or 
symbiotic algae for some hours — and thereby has become light- 
red or light-green —, then under the microscope the carmine or 
the algae prove to be present: 

a. in a great quantity of course in the choanocytes of the fla- 

gellated chambers. 

b. little or not yet in the amoebocytes with symbiotic algae — 
for the transport from the choanocytes to these amoebocytes 
takes time. 

c. in a relatively great quantity in a not very numerous kind 
of amoeboid cells, which distinguish themselves from the 
ordinary amoebocytes with symbiotic algae by their gene- 
rally almost entire lack of such algae, while sometimes 
they hold all sorts of detritus (by times situated in vacuole). 
Their nucleus is, as that of the amoebocytes, vesicular. 

2. While now in the choanocytes the carmine generally occurs 
as small grains or as conglomerates of small grains, it appears 
to be present in the cells, mentioned under c¢, principally in big 
grains or their conglomerates. (Perhaps one will doubt, if car- 
mine grains and conglomerates are so easy to be distinguished. 
In fact this is the case: the grains are generally simple in out- 
line, straight and angular, as pieces of a crystal, and internally 
homogeneous, refractive red; while the conglomerates are appa- 
rently more rounded off, but in reality more irregular by num- 
bers of re-entering angles, and internally not homogeneous but 
red, everywhere interrupted by black; which is conceivable by 
their structure.) 

3. Very often one can clearly see in a normally living mi- 
croscopic preparation, which has been in carmine suspension for 
some hours already, that the carmine, except in the choanocytic 
layer of the flagellated chambers, is also to be found in mass in 
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an apparently undifferentiated plasmic substance (in which few 
or no symbiotic algae) lining the canals. A lively transport of 
carmine takes place there. By itself this does not say anything; 
that carmine could be proceeding from the flagellated chambers, 
though then it would be rather peculiar that it should exclusi- 
vely extend along the canal walls. Sometimes, however, it also 
appears that there is a certain difference in size between the 
carmine grains (not conglomerates!) within the choanocytes and 
those in the canal walls. The former are almost exclusively small 
(0.5—0.7 gw), those in the walls often much larger (1.5—4 x). 
This fact now is supported and completed in a very desirable 
manner by what we could state above under 2 in ravel prepa- 
rations. 

The 3 points mentioned sufficiently indicated, that in a sponge 
had to be still quite a different method of capturing food-particles 
— and especially coarse particles —; and such in the canals 
themselves, outside the flagellated chambers; for wich then, of course, 
only the incurrent canals had to be considered. By chance I dis- 
covered that method; though, after all, one must say that it had 
to be functioning in a sponge. 

Just think of the structure of the canalsystem : incurrent canals — 
flagellated chamber — excurrent canals. One always used to say that 
the narrow ostia (dermal-pores), placed at the entrance of the 
incurrent canals, prevent the too large particles floating in the 
water from entering, and so from blocking up the canal system. 
But these ostia measure in living Spongillae, as I have been able 
to state several times, even to 63 x 84 u, while DeLAGE (14, 15) 
could fix their width in killed Ephydatiae on 6—30,. Now, 
generally the prosopyles only measure, as we saw, 3—4 x. So it 
goes without saying that numbers of particles will enter by the 
ostia, which are too large to pass the prosopyles. What must hap- 
pen to these particles, what must the sponge do with them, when 
they have come with the water-current to a flagellated chamber 
and remain sticking in a prosopyle, so stop it up? They must 
be removed, otherwise — in nature there are so many particles 
in the water — the sponge would unavoidably die within short, 
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by all its prosopyles being stopped up. Of course the sponge can- 
not do it in any other way than by constantly making itself master 
of those particles, by taking them up within its cells, within its 
tissues, with the help of protoplasm current; in order to push 
them out again afterwards (about this in another chapter (E)). 

Now, in fact I have observed this phenomenon several times 
in my normally living microscopic preparations. 

It is known, that a choanocytic layer of a flagellated chamber 
is covered with a thin tissue layer at the side of the incurrent 
canal. I refer to the figures of the different authors: eg. DELAGE 
(14, 16), Mincury (45), VosMAER (59, 62) a.s. 0. 

I myself observed in my living preparations, that outside and 
against the flagellated chamber at the side of the incurrent canal, 
against the base of the choanocytes, there is a thin layer of 
apparently undifferentiated protoplasm, which one time is relatively 
thick (1—3) and thus easily to be recognized as being separated 
from the choanocytes (and of course from the lumen of the canal), 
but next time is so thin, that it appears as a whole with the 
ehoanoeytie layer. Symbiotic algae occur but few in it, or not at 
all. That layer, which one must imagine to be covering more or 
less the whole prosopylar side of the chamber (except of course 
the prosopyles), appears to be simply a continuation of the lining 
of «the incurrent canal extending over the flagellated chamber, 
and, when visible, distinguishes itself from the choanocytic layer 
by a lighter tint (and of course by a darker one from the lumen 
of the canal). In that plasmic layer, now, very often all sorts of 
particles — eg. oildroplets'), or carmine grains if the prepa- 
ration is in a carmine suspension — are carried on slowly by 
protoplasm current and are so removed over considerable distances 
- (eg. '/, of the outer surface of a flagellated chamber) *). Thus 
it is seen, for instance, that by this current carmine particles are 
carried off aside of the chamber into the parenchyma. All this 
is given in Fig. 72—74, which have been drawn from life. (In 


1) One remembers that, as mentioned on p. 100, those oildroplets would be the 
source of the energy in the flagellated chambers. 
2) By which a plasmic layer, which is not visible by itself, may be recognized. 
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Fig. 74 one also sees the transport of carmine along a little. 
„bridge” bent through a canal; enf. Fig. 70). 

That this layer of flowing plasm must exist on the incurrent- 
canal-side of a chamber, is again very logical. For what would 
the choanocytes, eg. in Fig. 73, do with their captured carmine, 
if that layer was not there? 

Many times I have observed this layer on a chamber. I have 
also had the opportunity to demonstrate it to Professor VOSMAER 
and Professor PEKELHARING. 

The rest of my observation concerned: A flagellated chamber 
with much carmine in the choanocytes already; carmine grains 
run up through the incurrent canal and enter by a prosopyle. 
There approaches a large carmine ball (7 X 8 ~), also runs 
towards the prosopyle, but remains sticking in it. During 10 
minutes nothing is seen to happen; but then the ball is going 


to move and it is, along the outside of the chamber — so 
between chamber and incurrent canal —, very slowly — as by 
protoplasm current — carried off aside into the tissue 


over a distance of more than 18. A moment later a similar 
phenomenon is to be observed on a somewhat smaller carmine 
ball, at another prosopyle of the same chamber. I also observed 
exactly the same thing happen to an alga and to a protozoon in 
other similar preparations. . 

So it is the layer of apparently undifferentiated flowing plasma, 
situated outside and against the flagellated chamber at the side 
of the incurrent canal, that takes up these big particles — 
which, carried along by the current of water, got into or against 
the prosopyles and threaten to stop them up permanently — and 
that carries them off into the tissue, so that the prosopyles again 
become accessible (Fig. 75). If these particles might be of any - 
use to the sponge as food, this will undoubtedly keep them and 
carry them to the amoebocytes (and digest them); which, as we 
saw already, also happens to the particles captured by the choano- 
cytes. If they are of no value to the sponge, this will try to get 
rid of them as soon as possible. More about this later on. j 
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If one now inquires after the morphological meaning of this 
layer of apparently undifferentiated flowing plasma, I must declare 
that for this moment I don’t dispose of sufficient data to answer 
this question (but see Appendix). Considering the above mentioned 
(p. 149 sub 1c), one is inclined to look upon it as consisting of 
amoeboid cells (one or more for each flagellated chamber). But 
one should not forget that that state mentioned of the sponge, 
tested as ravel preparation, answers to what we got to know as 
the state of the normal intact sponge on p. 149 sub 3. There it 
proved that the canal walls in general, not especially the exterior 
covering of the flagellated chambers, were loaded with carmine. 
So it is quite possible that the amoeboid cells, treated on p. 149 
sub 1 c, have simply been canal-wall-cells, and have not had anything 
to do with that covering. The same counts for what follows. 

I killed a living sponge preparation, that, according to obser- 
vation, had reached in a carmine suspension a stage as given on 
p- 149 sub 3, in osmic acid and afterwards had the tissue mace- 
rated in water, to finally study the separate cells under the 
microscope. The carmine now proved to be present: 1st in a great 
number and in fine grains within the choanocytes 2od in a great 
number and in big grains or conglomerates within very irregu- 
larly branched amoeboid cells, These amoeboid cells can take the 
most simple up to the most fantastic shapes; one sees isolated 
cells with long and broad protrusions, even extended to mem- 
branes or stretched as bands (of course all pseudopodial processes), 
exactly as was observed in living preparations as the apparently 
undifferentiated plasmic substance; one sees cells with the ap- 
pearance of a hollow tube, which evidently lined a canal, with 
plasmic ,bridges” and even membranes extended in the lumen. 
All of them contain carmine. These amoeboid cells now carry 
an often clearly visible nucleus, little or no symbiotic algae and 
sometimes detritus; they are rather numerous. But carmine is 
hardly ever to be found in the ordinary amoebocytes with a great 
number of symbiotic algae. 

One sees the striking conformity with what was found on 
p. 149 sub 1, 2, 3. So the apparently undifferentiated plasma lining 
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the canals, which lodges the big carmine grains, does belong to 
amoeboid cells. Perhaps one is now inclined to look upon these 
as being pinacocytes, because in general the canals are supposed 
to be lined by this sort of cells — see eg. Drraar 14. But, 
probably, the latter is not right for Spongillidae; a fact which 
WELTNER (67) pointed out already, and which I too could state. 
I namely found the canals lined: here by flat pinacocytes, 
there by amoebocytes with symbiotic algae, yonder again by 
apparently undifferentiated plasmic substance (Fig. 71). (Or must 
one, in both last cases, imagine the pinacocytes to be present, 
but extended so thin that they escape to our sight?) As the 
pinacocytes, moreover, generally do not show such an irregular shape 
(as the carmine-carrying cells in the above mentioned macerated 
material) and as they usually are also easily to be recognized 
as cells in a living preparation (while here we are speaking of 
apparently undifferentiated plasma), one had better explain this 
plasma, these amoeboid cells, as belonging to the parenchyma, 
which then is not lined here by pinacocytes — or by very thin, 
not separately visible pinacocytes? —. I will return to this sub- 
ject in the Appendix. 

At any rate the mentioned apparently undifferentiated plasma 
belongs to amoeboid cells. But, as said, one may not yet con- 
clude from this, that the flowing plasmic layer at the exterior 
of the flagellated chambers also belongs to amoeboid cells. If, 
however, this was in fact the case, we could ascribe several 
morphological meanings to those cells. In the first place one would 
be inclined to look upon this layer as being pinacocytes again 
or better parenchyma lined with thin pinacocytes — as DELAGE 
(14) gives — or parenchyma without pinacocytes. On the other 
side, however, one might say that here we had amoeboid cells, 
which probably entirely surround the prosopyles of the chambers, 
in other words, something as the well known porocytes of cal- 
careous sponges. I will also return to this question in the 
Appendix. 

For the rest, the whole question of the morphological meaning 
of the apparently undifferentiated plasma of the canal walls only 
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stands in a distant relation to the problem, we are treating just 
now, the ingestion of food. 


Which of the two methods of capturing food, the one with 
the choanocytes or the one with the plasmic layer, is the most 
important one for the sponge, will depend, in my opinion, simply 
on the size of the food-particles present. If the size is small the 
Ist, if it is larger, then the 224 method preponderates. With 
carmine nutrition the capturing by choanocytes was the chief one. 


Finally one might ask, if the sponge can capture food in still 
more ways. I must answer that I think it quite possible. In the 
first place I think of capturing particles in the incurrent canals 
themselves, which show all sorts of irregular lumina, while fine 
plasmic bridges, sieve-like membranes and what not, are extended 
in them, so that they have plenty of opportunity of capturing. 
Also ingestion of food at the outer-surface of the sponge seems 
possible. I have, however, never observed these ways of capturing. 
One thing would prove against them, viz. that with a carmine 
nutrition of short duration there is hardly ever carmine to be 
found anywhere else in the sponge than just in and at a short 
distance from flagellated chambers, as I often stated. But I have 
also made observations which are in favour of them. 

In a living preparation there were numerous Flagellata moving 
quickly within the canals and at the outside of the sponge. Such 
organisms, now, some together and sometimes with carmine 
grains, were also moving within small vacuoles in the canal-walls 
or in the tissue at the outer-surface. It is quite impossible that 
these living organisms have been captured by the choanocytes or 
the plasmic layer; for then they would have been killed, at least 
they would be motionless. They are more likely to have been 
captured after having arrived in a blind ending part of the canal, 
the latter partly narrowing — for the tissue is very plastic, the 
canals arise and disappear while one observes them — and closing, 
when its size had been reduced to that of a vacuole; while finally 
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a cell took up the remaining vacuole with the Flagellata in it. 
At least, one can explain the phenomenon in this way. 

Sometimes one also finds diatoms in the sponge tissue, which are 
too large to have been ingested by choanocytes and perhaps also 
by the plasmic layer. These are more likely to have been captured 
by the tissue bridges and sieve-like membranes of the canals. 

Finally there must necessarily exist a system at the ostia to 
remove the too large particles kept there, so those which may 
not enter the incurrent canals; this need not be accompanied 
with taking up within the cells. On the other hand, however, 
it is difficult to think, that food captured in that way should be 
of no use at all. So here might be still another means of capturing 
nourishment. I have never seen anything of it. 


So we saw in this chapter that in the fresh-water sponges: 

1 the small (food-) particles are captured from the circulating 
water within the flagellated chambers, viz. outside-between the col- 
lars (especially at their base) or between the bodies of the choano- 
cytes, while thus, so to say, the water is filtered clear (Fig. 63, 
65—68). Next these particles are taken up within the choanocytes, 
united to conglomerates and ejected again into the , intercellular” 
plasmic groundsubstance (Fig. 66, 69—71), from whence the amoe- 
bocytes with symbiotic algae take them up in their turn (Fig. 71). 

2nd the coarse (food-) particles are captured from the circulating 
water outside and against the flagellated chambers at the side of 
the incurrent canal, and such, because they remain sticking in or 
against the prosopyles. The_thin layer of apparently undifferent- 
tated flowing protoplasm, which covers that side of every flagel- 
lated chamber with the exception of the prosopyles (Fig. 72—74), 
then takes up each particle and carries it off aside into the tissue, 
so that the prosopyles again become accessible (Fig. 75). If these 
particles may be of any use to the sponge as food, it is very likely 
that they are carried on to the amoebocytes with symbiotic algae, 
just as those captured by the choanocytes. 


So we see that it is not right, when BreprrMaNN (6) declares 
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„dass die Kragenzellen wirklich die einzigen direct nahrungs- 
aufnehmende Elemente sind”. 

While on the other hand MincuiN (45) wrote rightly: „There 
can be no doubt whatever,.... that in many sponges at least 
the collar cells are very active in capturing food. On the other 
hand, these cells are from their nature and size incapable of in- 
gesting large bodies such as Infusoria or Diatoms. Food of the 
latter kind could only be absorbed by becoming entangled in the 
webs of tissue in the incurrent canal system, there to be absorbed: 
by phagocytic wandering cells, or, it may be, by porocytes”’. 
Especially this last supposition, the ingestion by porocytes (here = 
plasmic layer, p. 154), has proved to be exact. 


D. THE DIGESTION OF FOOD IN THE FRESH-WATER 
SPONGES. 


I shall be quite short about this subject, as I only possess 
“very few other data concerning it, except all I told above in. 
extenso about the digestion of the green symbiotic algae in the 
sponge tissue, under the head ,Chlorophyll” (p. 16—17, 42—45, 
94—116). 

As we have seen, however, (p. 96) that exactly the symbiotic 
algae are a very important, perhaps even the chief source of 
nourishment for the fresh-water sponges, we certainly may con- 
sider the results, regarding their digestion, to be decisive with 
regard to the problem of the digestion in the fresh-water sponges 
in general. 

We saw that the symbiotic algae, which the sponge has cap- 
tured from the water in the ways described in the preceding 
chapter and carried on to the amoebocytes, die within those 
amoebocytes, either for a part, or all of them, and are digested 
there and dissolved, while the decomposition-products come to the 
benefit of the sponge (p. 111—113). This digesting and dissol- 
ving mostly took place free in the protoplasm of the lodging 
cells, sometimes however within a vacuole (p. 97). As I remarked 
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already before (p. 97), both these methods of digesting are pro- 
bably not different in principle, but only in quantity of secerned 
enzyme (in other words, in rapidity). 

I made no investigations into the enzymes acting (p. 96), 
except that the presence of a lipase was made probable (p. 89, 
98—99). Perhaps I will have the opportunity later on to extend 
my investigation in this direction. 

As for the carmine captured by the sponge, I can mention 
that, after it had got into the amoebocytes with symbiotic algae, 
it was generally soon ejected by these again and removed out of 
the sponge body afterwards — about which in the next chapter. 
Only very seldom I have been able to observe a beginning of 
digestion, a solution of the carmine; but then also, very remark- 
able indeed, a solution was to be distinguished within a vacuole 
(this became entirely light-red) from a solution quite free in the 
protoplasm of an amoebocyte, in which case from the carmine 
grain as centre the red colour slowly spread through the plasma. 
In fact a nice illustration of what I have so often mentioned for 
the symbiotic algae as plasma and vacuole digestion. A proof 
now, that indeed the difference is a matter of rapidity (of digest- 
ion), is given in these observations of carmine-solution in the 
fact, that carmine grains were never to be found any more in a 
light-red vacuole, on the contrary there were, when the solution 
took place free in the protoplasm. 

I obtained no data concerning a possible digestion of food else- 
where, eg. in the ,intercellular” spaces of the parenchyma. 

This about the digestion of food. It had already been acknow- 
ledged in literature [see among others BrepERMANN (6) and also 
Corte (13)] that especially the amoebocytes took part in it. 


E. THE DEFECATION AND EXCRETION IN THE 
FRESH-WATER SPONGES. 


* 
Also these phenomena I have observed in my living prepara- 
tions of sponge tissue. 
On the whole, there is but little known for certain in litera- 
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ture about these processes. In the first place one has of course 
always thought probable the excretion of dissolved matter by 
diffusion (see Burtan (10) 1910) all over the inner or outer sur- 
face of the sponge, though in fact no one has ever mentioned 
any strong proof for it. On the other hand Harcxen (25) 1872, 
LENDENFELD (36) 1883, WeLtTNER (65) 1891 and Drage and 
Hfrovarp (16) 1899 supposed defecation and (or) excretion as 
being performed by the choanocytes; while Mrycurtn (45) 1900 
ascribes this function for a considerable part to the amoebocytes, 
Brpper (5) 1892, on the contrary, to the porocytes, and Lorsen 
(41) 1898 thinks the excretion being performed by the contraction 
of the mesogloea (ground-substance). 

None of these investigators, however, mentions a definite ob- 
servation of the phenomena. On the contary the following do: 

MASTERMAN (42) 1894 found, if a sponge (Grantia compressa), 
after having been for some minutes in a carmine suspension 
and afterwards in pure water, had been killed with osmic acid, 
that amoeboid cells filled with carmine protruded from the ex- 
ternal surface, as if they were just going to be ejected. While 
something the like seemed to have happened also at the internal 
surface, as there were cells, ejected and laden with carmine, to 
be found inside the canals too. MASTERMAN says: „We have 
here an example of a process of intracellular excretion for the 
removal of waste solids”’. 

Also the opinion of Corr (13) 1904 is partly founded on 
observation; as far as I know it is the last extensive publication 
about excretion in sponges. As summary he gives: „Les cellules 
mésogléiques (amibocytes, spongoblastes, etc.) rejettent leurs pro- 
duits de désassimilation, sous forme de sphérules, dans la sub- 
stance interstitielle qui les expulse graduellemement. Les sphé- 
rules usées des cellules sphéruleuses clasmatosées sont expulsées 
par la substance fondamentale; un certain nombre de sphéru- 
leuses vont s’éliminer d’elles-mémes an niveau des canaux. Les 
choanocytes excrètent directement dans les chambres”, This about 
the excretion, about defecation: „Après V’ingestion de produits 
inertes les chaonocytes rejettent dans les chambres une grande 
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quantité de ceux-ci. Les cellules sphéruleuses entraînent dans 
leur élémination quelques-unes des particules qui ont été déver- 
sées dans la substance fondamentale. La plus grande quantité de 
celles-ci, après avoir été transportée dans tout l'organisme par 
les amibocytes, est directement expulsée par la substance inter- 
stitielle; quelques-unes sont transportées jusqu’aux canaux par 
les amibocytes qui les y rejettent”. As far, however, as I can 
gather from the description, Corrr has never observed the often 
mentioned ejection of particles by the „substance interstitielle” ; 
but he did observe the ejection of (or by) „cellules sphéruleuses”’ 
into the canals, as well as defecation by choanocytes (within the 
collar, just as in the Choanoflagellata!). Corre experimented on 
Reniera simulans and Sycandra raphanus. 


As one sees, the whole problem of excretion and defecation is 
still a long way from being solved; particularly because so 
often hypothesis and observation have been intermingled. 

Now, I myself have come to the conclusion, by observing the 
phenomena in my normally living microscopic preparations of 
sponge tissue, that defecation — and very likely excretion at the 
same time — takes place on a large scale by means of vacuoles, 
which occur along the walls of the (excurrent) canals in an ap- 
parently undifferentiated plasmic substance, that in reality con- 
sists of amoeboid cells. 


I now pass on to my experiments. 

A proof, that defecation — so a process, by which solid par- 
ticles captured from the water and food-rests, which are of no 
use to the sponge, are removed from its tissues — is really 
acting in the sponge-body, follows already from what I said in 
the first part of this paper (p. 15—16). There we saw that a 
sponge, newly caught from nature, has a dirty (green or brown) 
colour, as its tissue is loaden with particles from the (also brownish) 
water of the lake; this dirty tint, however, entirely disappears 
and the bright (green or creamy white) colour comes in its place, 
when the sponges have been cultivated for some days in pure 


161 


water from the conduit. Proof that defecation must take place 
even on a large scale. For with a microscopic observation the 
brown particles, which orginally were in a great number all over 
the tissue, proved then to have almost disappeared. The same 
counts for colourless sponges which have captured such a great 
number of carmine grains from a suspension, that they have be- 
come quite red; here too the carmine is removed in pure water, 
so that the sponges become colourless again; while one finds the 
ejected carmine conglomerates at the bottom of the culture-vessel. 

Next I will mention that, just as I discovered the pheno- 
menon of the capturing of coarse (food-) particles by (cells of) 
the canal-walls for the first time in ravel preparations of sponge 
tissue (p. 148—152), I obtained the first indications of the way 
in which defecation takes place by means of the same pre- 
parations : 

As I mentioned on p. 149, one finds in a sponge (Spongilla 
or Ephydatia), which has been in a carmine suspension for some 
hours, a great number of carmine grains 1st in the choanocytes 
and 224 in amoeboid cells (without symbiotic algae but often 
with all sorts of detritus), while on the contrary carmine is not 
or rarely to be found in the amoebocytes with symbiotic algae. 
Has the sponge been in pure water for some time after it got 
out of the suspension, one finds, as was partly mentioned on 
p. 146—148, only little carmine in the choanocytes, but now 
much (as conglomerates, upto 4 u large) in the amoebocytes with 
symbiotic algae, while it is also to be found rather much, and then 
in big conglomerates (upto 14 gw), in amoeboid cells (present in 
a small number) without symbiotic algae but with (often) all 
sorts of detritus. The sponge itself then appears to be less red 
than it was immediately after it came out of the carmine, while 
now on the contrary the water, in which it has been, is coloured 
slightly red. If the sponge remains in pure water for some days 
more, one does not only find but little carmine in the choano- 
cytes but also in the amoebocytes with symbiotic algae. The 
carmine, however, is still present in a great quantity and in 
large conglomerates in the often mentioned amoeboid cells with- 
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out, or with few, symbiotic algae, and then sometimes within 
a vacuole. These cells, as said before, are not manifold; they 
lodge besides a vesicular nucleus (which is very much like 
that of the ordinary amoebocytes) and the carmine conglomerates, 
also often all sorts of detritus and sometimes some unicellular, 
green algae as described on p. 117, while a single time a va- 
cuole has been formed round all these foreign parts together. I 
believe, however, to have a reason for supposing that such vacuoles 
do occur more often in these cells round those parts than it 
seems, but that then they are only temporarily invisible by the 
accidental grouping of the particles. For I have noticed, that such 
a vacuole entirely disappeared by a movement of the cell (so 
that its contents seemed to be quite free in the protoplasm), to 
become visible again a few moments later. Very often those fo- 
reign particles are united to a more or less compact mass. Only 
once I stated such a detritus mass being ejected by a vacuole 
of an isolated cell. | 

In the mean time the sponge itself has lost very much of its 
red colour in the pure water, while this now in its turn has 
taken a red tint. As it proves that the sponge does not show 
any destruction of tissue, we may explain the red tint in the 
water as caused entirely by the carmine the sponge has (by way 
of defecation) removed from its body. Now we examine the cul- 
ture water; then it appears that the following parts have sunk 
to the bottom: carmine conglomerates (eg. 710, 7 X 18 4.) 
together with all sorts of detritus and sometimes a big unicel- 
lular, green alga, which every time are united to more or less 
compact masses, just as we found them above within the amoe- 
boid sponge cells (without symbiotic algae). But there never was 
an enyeloping cell to be seen round thesé detritus-masses in the 
culture water. 

So here we have stated in ravel preparations, that in the fresh- 
water sponge the function of defecation is performed by amoeboid 
cells (with few or no symbiotic algae), which by means of vacuoles 
eject the detritus masses outside the sponge tissue, but which them- 
selves remain within the tissue. 
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If one examines a normally living preparation of sponge tissue 
that remains in carmine suspension for some hours, one will find 
carmine, as has been mentioned on p. 146 and 149—150, on the 
one side in a great quantity in the choanocytic layer of the flagel- 
lated chambers (Fig. 66, 71) and on the other side also in a 
great quantity in an apparently undifferentiated plasmic substance 
(in which few or no symbiotic algae) in the walls of the canals — 
to which it will have been transported, for instance, after having 
been captured in the plasmic layer at the outside of the flagellated 
chambers (p. 152, Fig. 75). 24. If then the preparation is in pure 
water for some time, we find, as we saw on p. 146—148, hardly 
any carmine in the choanocytes; but it now appears to be in 
small conglomerates within the amoebocytes with symbiotic algae. 
Besides we also find it in large conglomerates (upto 17 ~), and some- 
times together with detritus, within vacuoles in the apparently 
undifferentiated plasmic substance (in which few or no symbiotic 
algae) situated along the canal walls. 34. The sponge having been 
in pure water for some time longer, the carmine also disappears 
from the amoebocytes with symbiotic algae, to be found almost only 
as large conglomerates in an apparently undifferentiated plasmic 
substance (in which few or no symbiotic algae) and mostly situated 
along the canal walls and often together with detritus within a 
vacuole (Fig. 76a, 77). 

One will have to acknowledge that these observations on living 
tissue correspond very well with the results obtained in ravel 
preparations. The matter now was to observe the phenomenon of 
the ejecting of feces itself. 

In this too I succeeded*in my normally living preparations. 
But also here I had to exert much patience. 

I shall now give a description of such a phenomenon of defeca- 
tion, as I observed it on a preparation which, after having been 
in carmine suspension, was in pure water for some time: A car- 
mine conglomerate lies, together with some detritus and some 
green symbiotic algae, along the wall of a canal in the 
often mentioned apparently undifferentiated plasmic substance. 
At first no vacuole is to be seen round these parts, but shortly 
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after there is; so then the carmine, the green algae and the 
detritus are together within it. Now the vacuole is going to pro- 
trude far into the canal (Fig. 76a); it is even pushed forward, so 
to say, on a broad stem. All at once — one does not see how — 
the very thin vacuole wall disappears at the side of the canal, some 
small carmine grains begin to loosen from the conglomerate, move 
to and fro, and all of a sudden they run off; next some green 
algae do the same (Fig. 76b); and at last the large conglomerate, 
moves a little to and fro, as if it were still kept back — then sud- 
denly it runs off through the canal! : 

So one sees that here there is no question of the feces being 
ejected together with the lodging cell, as MASTERMAN says; the 
cell, or whatever this apparently undifferentiated piasma may be, 
simply stays behind in the wall. I have observed this phenomenon 
of defecation several times in the same way. 

Let us now attentively examine such a feces conglomerate 
before it is ejected. So it is in the apparently undifferentiated 
plasmic substance within the tissue. Later on I shall speak about 
this plasmic substance. Often no vacuole is to be seen around the 
conglomerate at first; this only appears later on and then increases 
rapidly. One can also observe how, from all sides, small feces- 
particles (being within vacuoles or not) are carried on to the large 
conglomerate (also being within a vacuole or not) and are united 
with it. In the mean time the conglomerate is continually carried . 
along in the tissue by the plasmic substance over considerable 
distances, so that for instance it happens but too often, that it 
escapes to our sight by disappearing into deeper tissue-layers. In 
the same way one can see a conglomerate — then always within 
a vacuole — moving repeatedly from one canal to the other; 
while the vacuole often protrudes so far into the canal, that one 
thinks it will burst; but it withdraws again entirely into the tis- 
sue and goes to another canal, to repeat the same. A remarkable 
sight, which I want to describe somewhat more at large. 

A normally living microscopic preparation of sponge tissue, 
which has first been in carmine suspension and afterwards in 
pure water. A large carmine conglomerate lies again in an ap- 
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parently undifferentiated plasma, between three canals (Fig. 77, 1); 
there are some green symbiotic algae to be found in the plasma, 
but by no means so many as in the ordinary amoebocytes; no 
vacuole present. A few moments later a vacuole arises around 
the conglomerate, while at the same time also some green sym- 
biotic algae are enclosed. The vacuole rapidly increases 
and protrudes more than half way into the lumen of a canal 
(Fig. 77, 2). But it does not burst! On the contrary, the vacuole 
withdraws into the tissue, to protrude then into another canal 
(Fig. 77, 3). But here it does not burst either, but withdraws 
again. Now it lasts for some time. At last it protrudes into the 
3rd canal (Fig. 77, 4). All at once the thin vacuole wall disap- 
pears at the outside; the conglomerate still remains in its place, 
it only moves a little to and fro, as if it were still kept back, 
then it slightly moves on and again to and fro, a pull — and it 
runs off through the canal. 

A remarkable process, that protruding into a canal, to withdraw 
again after some time! I have repeatedly observed it, as said 
before. Why dit not the vacuole burst immediately ? 

The only answer I can give, based on my observations, makes 
us acquainted — if it is right -- with a remarkable phenome- 
non of sponge-life, which, however, is very logical, even indis- 
pensable. Just consider: The fecal conglomerates must necessa- 
rily be ejected exclusively into the excurrent canals of the sponge, 
otherwise the whole defecation-system would unavoidably fail. 
As we saw, however, the vacuoles with the feces are not bound 
to certain permanent places, but they are, just as the whole 
sponge tissue is continually moving, always carried along. But how 
does a vacuole „know” then if a canal is an incurrent one, in 
which it may not eject its contents at all, or an excurrent one? 
The vacuole — or better the protoplasm, to which the vacuole 
belongs — must examine this on the spot and then it will show 
the phenomenon which we saw it perform above: it will protude 
into the canal. Thus the thin protoplasmic vacuole-wall will get 
to know in some way or other the state of the canal, either, for 
instance, by the rapidity of the current or by the pressure of 
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the water. If the right (excurrent) canal has been found, the 
plasma contracts and the vacuole bursts; if, however, it proves 
to be an incurrent canal, the vacuole will withdraw to try the 
same somewhere else. 

Now, my observation relative to this was in fact, that the 
vacuoles withdrew from canals which, if it was possible to dis- 
tinguish, proved to be incurrent canals. (One can distinguish it 
from the situation of the flagellated chambers). 


We now got to know the process of defecation, which, as we 
saw, must very often take place in nature, where the water 
contains so many particles, that the sponges have quite a dirty 
tint, which however they soon lose in clean water (p. 160—161). This 
defecation proved to take place by means of large vacuoles. These 
vacuoles are partly filled with liquid — undoubtedly originating 
from the sponge tissue —; this liquid is ejected with the feces. 
Have not we found here, then, besides a powerful defecation pro- 
cess also a strongly acting excretion process? I think we have. 


But we have not yet quite finished the process of defecation. 
There exists, besides the here described way of defecation everywhere 
at arbitrary points of the excurrent canal walls, still another method 
which, as I believe, we shall have to distinguish from the first 
one. And this, because it is apparently bound to a more or less 
fixed place: 

In sponges ,fed” on carmine one repeatedly meets with one 
large accumulation of this matter near each flagellated chamber, 
and again in an apparently undifferentiated plasmic substance, in 
the wall of the excurrent canal (Fig. 75). While, now, on the one 
side new carmine grains are constantly added to the large heap 
by the flowing plasmic layer, situated at the incurrent-canal-side 
of the chamber (p. 151, 156), one sees on the other side now and 
then a big conglomerate being ejected from the heap into the ex- 
current canal; both of which is represented in Fig. 73 (drawn 
from life). I observed this, of course, again in my living tissue 
preparations. 

Of course it cannot be said, if this accumulation of carmine — 
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which, apparently, has been deposited gradually by the flowing 
plasmic layer, so in small quantities at the time — is exclusively 
formed by fine carmine grains, captured by the choanocytes and 
then passed on to this layer, or by coarser particles, which remained 
sticking when entering the prosopyles and then have been carried 
off by this plasmic layer (p. 156). Probably both is the case. 

That in this way particles, which block up the prosopyles and 
are of no food value, are removed as soon as.possible from the 
canal system, is very well conceivable and of much importance 
to the sponge. So here we get to know a very powerful system 
of cleansing the sponge: coarse particles, which, having passed the 
ostia, remain sticking in the prosopyles and threaten to block them 
up permanently, are taken up by the plasmic layer and are carried 
off to a point in the tissue somewhere in the neighbourhood, from 
where they are soon ejected into the excurrent canals, to be removed 
with the water current (Fig. 73). 

On the other hand it is hardly to be accepted that coarse 
particles from the water, which might be of use as food, should 
be ejected in this way without any reason. But then one has to 
suppose, that the sponge knows to decide whether a captured 
particle contains nutrition or not, in the short distance between 
taking up in the plasmic layer and delivery at the deposit of 
feces. This seems very unlikely to me; the more so, because 
above we have stated several times (p. 146—148, 157—158) that 
carmine, most certainly, is carried into the sponge tissue and is 
moved on for digestion to the amoebocytes with green symbiotic 
algae, to be expelled only later on (p. 161—164). So it proves, 
that only the amoebocytes with symbiotic algae — which are 
performing the function of digestion (p. 157) — decide about 
food or no food with regard to the particles captured. Consequently, 
one may consider it as excluded that the same could also happen 
already near the flagellated chamber. 

The explanation of the phenomenon, that on the one hand the 
sponge carries the carmine even into its amoebocytes, while on 
the other hand it disposes of a very rapid method of getting rid 
of it immediately, seems to me the following: With a relatively 
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small number of particles in suspension in the surrounding water, 
the sponge will carry all particles captured into its amoebocytes 
with symbiotic algae, so into its digestive organs (Fig. 71); but, 
when the particles in suspension are very numerous, it will also 
carry a number of them within its amoebocytes, but soon ,satisfied”’ 
will leave off, to simply eject them, directly after capturing (in or 
near the flagellated chamber), along the shortest way at the 
excurrent side of the chamber, of no consideration whether the 
particles are food or not (Fig. 73). 


We now can make the following diagram of the course of the 
(food-) particles captured by a fresh-water sponge (imagine the often 
mentioned ,intercellular plasmic groundsubstance” (chapt. F) in 
the places of the arrows). The pages of the text, in which the 
process was treated, and the figures referring to it are put in 
parenthesis. So we begin with the capturing in the choanocytes 
and the capturing in the plasmic layer at the outside of the 
flagellated chamber : 


capt. choanoe. (p. 143—46, 156) capt. plasm. layer o. flag. chamb. 
…_ (Fig. 63, 65—68 me = cee 
y Bs 8 ) gl, (Fig. TT) 


HER 


—> 


amoeboc. w. symb. alg. (p. 146-—8; 156—8). 


digestion (Fig. 69—71) plasm. subst. o. exc. can. walls 
nf near flagell. chambers 


plasm. subst. o. exe. can. walls defecation 
. ° (p. 166—68; 170) 
defecation, excretion (Fie, 73) 
(p. 161—66; 169—70) 5 
(Fig. 76, 77) 
I now want to point out some more accidental peculiarities: 
Ist. Just remember that we could stade a few times (p. 162— 
165) that vacuoles together with feces also ejected unicellular, 
green algae, even green symbiotic algae. I want to mention this 
emphatically with a view to what I said, in the part about 
the chlorophyll of the fresh-water sponges, regarding a possible 
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export of symbiotic algae (p. 52) and a contest against infecting 
algae by ejecting them (p. 115). Especially the question about the 
export is important. I do not venture to decide whether it can be 
large or not; in both cases here it concerned a green sponge, so 
a sponge that came into consideration for possessing an excess 
of green symbiotic algae (p. 70—72). 

2nd, Sometimes it appears in a living sponge preparation, which 
has first been in carmine and afterwards in pure water, that at 
last there is still some carmine present in large conglomerates in 
amoebocytes with numerous symbiotic algae, and such, in the rim 
of the little sponge. This makes us suppose. that, besides the 
above mentioned defecation inside the sponge at its inner sur- 
face, also defecation could take place at the outer surface, for 
instance by the ordinary amoebocytes. I have not observed any 
thing more certain, however. 

3'd, IT have never discovered pulsating vacuoles in the choano- 
cytes, nor ever anything of defecation by these cells. 

4th, Finally a question, as I put also on p. 153: What is 
in fact the morphological meaning of that often mentioned ap- 
parently undifferentiated plasmic substance, which, situated in 
the wall of the excurrent canals, proved to perform the defecation. 
Up till now I have omitted to enter into this question purposely, 
in order to evade unnecessarily complicating the problem of de- 
fecation, we wanted to know in the first place. 

From the conformity of the results obtained from living- and 
from ravel preparations (p. 161—164) one would immediately 
decide, that the apparently undifferentiated substance consists of 
amoeboid cells. Also the following supports this view: Just as I 
described on p. 153, that I killed and macerated a living sponge 
preparation, which had been in carmine and the contents of car- 
mine of which I had stated, I did the same with a preparation, 
which, according to microscopic research, was in the stage of 
carmine defecation given on p. 163 sub 3. All cells were to be 
seen isolated. Carmine now proved present: not or little in choa- 
nocytes and amoebocytes with symbiotic algae, but numerous and 
mostly in large conglomerates — and sometimes together with 
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detritus within a vacuole — in simple to very irregularly branched 
amoeboid cells, which lodged a nucleus but few or no symbiotic 
algae and for which, in general, the same description counts, 
which I gave on p. 153 for the there isolated amoeboid cells. 
So these cells have, in short, the appearance of, what I called 
in my living preparations, the apparently undifferentiated plasmic 
substance. One also sees the striking conformity with what was 
found on p. 161—164. Consequently this apparently undifferentiated 
plasma, which, all over the wall of the (excurrent) canals proved 
to bring about the defecation and excretion, belongs to amoeboid 
cells. That this also counts for the plasma, which also performs 
the function of defecation but then near an apopyle (p. 166—167), 
was not yet quite decided by this, but I have been able to prove 
it in the same way in another preparation. 

Perhaps one is inclined — just as on p. 154 — to look upon 
these amoeboid cells in the canal walls as pinacocytes. But for 
the same reason as I mentioned there, I believe to be justified 
also here in taking these cells rather as belonging to the paren- 
chyma. I will return to this subject afterwards. 


Next one could put the questions: Ist. If, in fact, there is in 
principle any difference between these two kinds of amoeboid 
cells — situated in the living sponge as apparently undifferentiated 
plasma in the walls of the excurrent canals, the one however 
spread all over, the other only near to the flagellated chambers —, 
both of which bring about the carmine defecation. 24, If, in fact, 
there exists in principle any difference between these two kinds 
of amoeboid cells (those of defecation) and the amoeboid cells, 
mentioned on p. 153—154, which — situated in the living sponge 
also as apparently undifferentiated plasma in the walls of the 
incurrent canals — lodge the large grains of carmine (p. 149— 
150). I suppose we shall have to answer these questions nega- 
tively; we shall rather have to consider all these amoeboid cells 
as identical, each sort only temporarily performing another function 
(enf. p. 149, Le; 161—163). It would even be quite possible that - 
a cell, which has first taken a number of carmine grains in an 
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incurrent canal, transports them immediately to an excurrent one, 
to eject them. I specially think of the case of Fig. 73 (supposed 
that the plasmic layer outside and against the flagellated chamber 
also belongs to an amoeboid cell). Even, with the existing dimen- 
sions it would be possible, that one single amoeboid cell extends 
as well at the outside (incurrent canal side) of the flagellated cham- 
ber as near the apopyle; this cell, in other words, would be able 
(without getting out of its place) to take the carmine from the 
incurrent canal and eject it into the excurrent one, by simple 
protoplasm current within its own body. A very simple and 
rapid process! 


F. APPENDIX. 
: SOME SEPARATE OBSERVATIONS |). 


iis 


First I want to speak about the often mentioned (p. 17, 146—148, 
150—-154, 156, 163, 166, 168—170) undifferentiated intercellular 
plasmic substance (ground-substance, mesogloed). 

As is generally accepted, the tissue mass, which occurs in the 
sponges between the pinacocytic epithelium of outer and inner 
surface and the choanocytic layers of the flagellated chambers, 
the so called parenchyma, consists of ground-substance with 
cells. Mincutn (45) says about it: „The skeletogenous stratum 
(parenchyma) is developed to a very variable extent in different 
sponges. Scarcely recognisable in some, in others it attains great 
proportions, making up all but a relatively insignificant portion 
of the total bulk of the sponge body. It consists of a gelatinous 
ground-substance or mesogloea, which contains cells of various 
kinds. The mesogloea is the first portion to appear as a struc- 
tureless layer between the dermal and gastral epithelia, and is 


1) Here should have followed a description of a remarkable phenomenon in living 
gemmule cells of Spongilla; however, I have meanwhile published this elsewhere 
(VAN Trier, 57 c). 
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probably a secretion of the former. Cells from the dermal epithe- 
lium next migrate into the mesogloea, forming a parenchyma 
which is concerned primarily with the task of furnishing skeletal 
structures for the support of the sponge body”. 

However, the opinion that the mesogloea should be a ,structureless” 
(undifferentiated) intercellular plasmic substance, seems to be not 
right, at least not for Spongillidae. i 

In 1870 already LIEBERKUHN (39) came to this conclusion; 
and such in consequence of warming the living Spongillae; for 
it always appared then that this groundsubstance split up into 
a number of separate cells (with nucleus). ‚In der homogenen 
durchsichtigen Grundsubstanz tritt durchweg eine Zerklüftung 
auf, welche sie in gleichmässige Stücke zertheilt, die je einen 
Kern mit Kernkörper besitzen”. „Diese Beobachtungen lehren, 
dass die contractile Substanz” (groundsubstance) „durch Erwärmung 
wieder in dieselben Zellen zerfällt werden kann, aus welchen 
sie ihren Ursprung nahm, und das die durchsichtige contractile 
Substanz nichts ausserhalb der Zellen Existirendes ist, sondern 
nur ein Bestandtheil derselben bildet”. ,,Man kann sich über- 
zeugen, dass die Zellen die einzigen Bestandtheile der contrac- 
tilen Substanz darstellen und nicht etwa noch eine homogene 
Sarkode daneben existirt, wie von einigen Forschern angenommen 
wird’. LIEBERKUHN obtained the same result by simply pressing 
living Spongillae to pieces. 

Also Werner (67) comes to such a conclusion in 1900: 
„Was nun die Grundsubstanz, in welcher die verschiedenen Zellen 
eingebettet sind, anbetrifft, so méchte ich das Folgende bemerken. 
Bei einem in Alcohol conservirten Süsswasserschwamme stellt die 
Intercellularsubstanz eine hyaline Masse dar, in der die Zellen 
deutlich hervortreten. Untersucht man aber eine lebende aus- 
gewachsene Spongille, so bietet die mittlere Gewebsschicht ein 
wesentlich anderes Aussehen dar. Man sieht allerdings hier und 
da deutlich abgegrenzte Zellen zwischen hyalinen Streifen (die 
Grundsubstanz) frei bleiben, daneben bemerkt man Körnerhaufen, 
in denen man gelegentlich in Folge ihrer amoeboiden Bewegung 
einen Zellkern zu Gesicht bekommt. Der iibrige Theil des Ge- 
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webes lässt aber keine Zellen mehr erkennen, sonder das Ganze 
stellt eine mit Körnchen von verschiedener Grösse erfüllte Masse 
dar, in der man am lebenden Object weder Zellen noch Kerne 
unterscheiden kann. Man erhält an solchen Stellen den Eindruck, 
als ob sämmtliche Zellen mit einander verschmolzen seien, ohne 
dass man Zellgrenzen wahrzunehmen vermag. Wir haben also 
hier an einer Stelle ein Syncytium vor uns, an einer anderen ein 
gallertiges Bindegewebe. Um die geschilderten Verhältnisse zu 
demonstriren habe ich in Figur..... von einer lebenden Ephy- 
datia fluviatilis ein Stückchen des Parenchyms abgebildet, welches 
sich zwischen zwei Nadeln befand. Es liessen sich hier mit Deut- 
lichkeit 4 Zellen erkennen, 2 davon mit einem Inhalt von un- 
gleich grossen Körnern” (the amoebocytes with symbiotic algae) 
„und 2 andere die mit gleich grossen Körnchen erfüllt sind. Von 
einer zwischen den Zellen liegenden hyalinen Substanz war nichts 
zu sehen. An zwei Stellen liessen sich Flüssigkeitsvacuolen er- 
kennen. An der freien Aussenfläche war nur in dem dickeren 
Theile eine Epithelzelle wahrzunehmen, der übrige Theil, sowie 
die “grossen Lacunen im Inneren, durch die sich ein diinner Ge- 
websbalken hindurchzieht, sind ohne Epithel. Solche epithelfreie 
Gewebsbalken sind bei Süsswasserspongien eine ganz gewöhn- 
liche Erscheinung, so lange die Balken noch von geringer Dicke 
sind; sie bestehen sogar oft nur aus einer einzigen lang ausge- 
zogenen Zelle. Ausser den genannten 4 Zellen liessen sich in dem 
abgebildeten Gewebestiick keine weiteren zelligen Elemente er- 
kennen, vielmehr bestand die ganze Masse aus einer dickflüssigen 
Substanz, in der zahllose gröbere und feinere Körnchen einge- 
lagert waren, wie man sie sonst in den Spongillenzellen findet. 
Es ist für mich kein Zweifel, dass eine solche Masse aus zusam- 
mengeflossenen Zellen besteht, welche man, wie das LIEBERKUHN 
zuerst gethan hat, durch Anwendung von Wärme sichtbar 
machen kann”. 

With the help of my living preparations I have now been 
able to state exactly the same thing as what LreBERKÜHN and 
WELTNER found, before I knew anything of the observations of 
both these investigators. So my observations have been made 
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quite independent of the former. I too found in living tissue the 
amoebocytes with symbiotic algae and the cells with equally 
large grains imbedded in an apparently undifferentiated inter- 
cellular plasmic ground-substance (p. 17, 146—148, 156, 168, 
Fig. 69, 71), in which numbers of enclosures (eg. oildroplets 
and sometimes symbiotic algae) and also vacuoles (p. 163—165), 
and which, at the side of the canals, was one time lined by 
cells (eg. pinacocytes) and not so another time (p. 154). When 
rubbed to pieces as well as when warmed, or after killing and 
macerating, the whole tissue, so also that undifferentiated plasmic 
substance, proved to consist of amoeboid cells with nucleus (see 
also p. 153--154, 169—170). 

As to the observation, that that plasmic substance (i.e. the 
ground-substance of the parenchyma) was not entirely lined with 
pinacocytes, I mentioned already on p. 154 that the possibility is 
not excluded that pinacocytes were present in fact, but not to 
be discovered by their fine extension. With regard to the above 
described phenomena of ingestion of food in the flowing plasmic 
layer outside and against the flagellated chamber (p. 152) and 
of defecation by vacuoles in the excurrent canal walls (p. 163— 
166), it seems more likely that, at least there where those pro- 
cesses take place, the pinacocytic covering of the canals will be 
missing. For that would certainly advance the rapidity. On the 
other hand my observation made during the capturing of coarse 
food particles outside and against the flagellated chamber, viz. 
that first the particle remains quiet for about 10 minutes before 
being carried off by the flowing plasmic layer (p. 152), might 
possibly show that thin pinacocytes, which then must first be 
passed by the food particle, are present. 

As we have now seen that all apparently undifferentiated plas- 
mic ground-substance consists of amoeboid cells, we may conclude 
that the layer of flowing plasm at the outside of the flagellated 
chambers (p. 152, 156) is also formed by such cells. And we 
may also conclude that the (food-) transport (from the choanocytes 
to the amoebocytes with symbiotic algae, for instance) which, as 
we saw above (p. 146—148, 168), takes place through the so 
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called intercellular ground-substance, is in fact performed by 
amoeboid cells. 

In connection with what was said on p. 170 we can put the 
question again, if in fact there is in principle any difference 
between all those various kinds of amoeboid cells, which — 
appearing in the living sponge as undifferentiated plasmic substance 
(p. 168) — on the one side, as we saw, capture coarse (food-) 
particles from the water (p. 152, 156, 174) or lodge them (p. 149— 
150, 153—154), on the other side perform the function of defe- 
cation and excretion (p. 163—166, 169—170), and in the third 
place form the ,intercellular” groundsubstance of the parenchyma 
(p. 171—174). I suppose to have to answer also this question 
negatively. They are more likely to be all the same cells, each 
kind only temporarily performing another function. See also 
p. 170—171. 

And at last the question, if these amoeboid cells — which, as 
one knows, lodge but few or no symbiotic algae — are perhaps 
identical to the amoebocytes with numbers of symbiotic algae, 
again differing from them only by a temporarily other function. 
Also this would be possible (cf. p. 149, 162). But I do not 
venture to answer this question; I only want to ask. See also 
WELTNER (68). 
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One must not confound the often mentioned food-(digestion-) 
vacuoles of the amoebocytes with symbiotic algae (p. 94—97, 
111) and the defecation and excretion vacuoles of the amoeboid 
cells without symbiotic algae (p. 162—166) with a peculiar 
vacuolising of the tissue of the outer, and sometimes also the 
inner sponge surface, which gets something of a foamy structure 
by it. I mentioned it already on p. 17, and such with regard to 
a similar structure in isolated amoebocytes (Fig. 4). I think that 
this last kind of vacuoles will properly not belong to the cells, 
but are rather parts of the surrounding water, which were tem- 
porarily enclosed by the pseudopodia during the amoeboid motion 
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of the cells. Therefore one should sharply distinguish them from 
the food- and the defecation- and excretion vacuoles, the contents 
of which of course belong to the cells themselves. LIEBERKÜHN 
(39) already drew attention to this. 


EET: 


We have a very easy criterion to make out whether a fresh- 
water sponge, in which there are neither gemmules nor finger- 
shaped branches, is a Spongilla lacustris or an Ephydatia fluvia- 
tilis, viz. in its smell. Spongillae, namely, have a pungent smell 
(pungent for instance as formol); while Ephydatiae entirely lack 
it. Several persons have, on my request, stated this difference; 
but it also proved to me that not everybody is able to notice it. 


SUMMARY. 


This summary gives the chief results of my research, and the 
pages of the text, the tables and illustrations concerning them. 
See also van Trier 57b. 


A. 


1. The two chief forms of Spongilla lacustris and Ephydatia 
fluviatilis are a grass-green and a colourless (creamy-white) one 
(p. 15—16, Fig. 1, 2). 

2. The sponge owes its green colour to numerous little green 
corpuscles present in its tissues, especially in the amoebocytes _ 
(p. 16—17, Fig. 4, 69). 

3. These green corpuscles produce O, (p. 18—20, Table 1, 2) 
and photosynthesise (oil) in light (p. 20—21, Table 3), but not 
so in darkness. Consequently — in connection with the points of 
similitude already known (p. 17) — we are justified in declaring 
that the green colouring-matter of the Spongillidae is identical 
with vegetable chlorophyll (p. 21). 
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4, The green chlorophyll corpuscles of the fresh-water sponges 
are round or oval, 1.7—3.8 wg in diameter, surrounded by a cell- 
wall and consisting of protoplasm and a chloroplast; while perhaps 
a nucleus is present, but a pyrenoide is absent. They enclose 
oildrops, but carbohydrates were never to be found within them 
(p. 21—27, Fig. 5, 40, 41, 6—11). 

5. These green chlorophyll corpuscles, isolated from the sponge 
tissues, remain normal and alive for 6 months and even longer, 
and multiply (p. 27, Table 4). They also occur free in nature, 
in the waters in which the sponges are living, where they also. 
multiply (p. 27—28). 

It proved possible to me to durably transmute colourless Spon- 
gillidae into the green form, by infecting them with isolated 
green chlorophyll corpuscles (p. 28, Table 7, 8). 

So the green chlorophyll corpuscles prove to be organisms, on 
the one hand capable of living by themselves without the sponge 
body, on the other hand of accommodating themselves to the life 
within the sponge tissues, when taken from the surrounding water 
by the sponge. This result together with that of 4, mentioned 
above, justifies the conclusion, that the green chlorophyll corpuscles 
are algae, associated to the sponge in ,symbiosis’”’ (p. 21—24, 29). 

6. This green ,symbiotic” alga of the Spongillidae multiplies 
by simple, vegetative division of the whole mother cell, not by 
„freie Zellbildung” (p. 30—33, Fig. 5, 12—34). Thus the alga 
does not at all answer the definition of a Chlorella (p. 29—30, 
34), but — in connection also with its structure (p..24—27) — 
that of a Pleurococcus (p. 34). 

7. Generally speaking, green Spongillidae grow in light, colour- 
less ones in darkness or in twilight (p. 35); while green sponges 
grow colourless in darkness, and colourless ones grow green in 
light (p. 35, Table 8). 

8. In the green sponges in light as well as in the colourless 
ones in darkness green as well as colourless ,symbiotic” algae 
occur (p. 35, 46, 48, Table 6). 

9. Several of those colourless algae have exactly the same 
structure as the green ones (p. 36, Fig. 35). 
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10. The isolated green „symbiotic” algae of the Spongillidae, 
in water, can produce chlorophyll in darkness (p. 37, Table 4 B). 
Those green algae also, whether cultivated in light or in dark- 
ness in poor or in rich organic feeding media, remain normal 
(green, for instance) and alive for months, and multiply; while 
the isolated colourless algae under similar conditions disappear 
from the culture and never pass into the green form (p. 38—41, 
Table 4). It proves, therefore, quite impossible that the green 
algae pass into the colourless ones and that the colourless algae 
pass into the green ones, by the combined influence of darkness 
or light and a certain feeding milieu (p. 41). 

11. The green „symbiotic” algae, whether isolated or in the tissues 
of the Spongillidae, become colourless exclusively by dying, in order 
to gradually pass from colourless algae with clear structure into 
the successive stages of ,solution”, colourless algae with shade 
of structure, colourless ones without structure, vague shades of 
colourless ones, and to finally disappear (p. 42—45, Table 5, Fig. 
35—37). 

12. Analyses were made of the intrinsic amount of the various 
green and colourless stages of the ,symbiotic” algae in the tis- 
sues of a large number of green Spongillidae from light and of 
colourless ones from darkness, and such in tissues in different 
stages of development (Table 6). The results are toenumerous to 
be repeated here; they are mentioned on p. 46—48, point 1—11. 
In short we can say, that a green sponge in light contains an 
excess of green living algae and a smaller number of colourless 
dead ones; a colourless sponge in darkness, on the contrary, an 
excess of colourless dead algae and a smaller number of green 
living ones (p. 48). 

13. The factors, ruling the number of the „symbiotic” algae 
in the sponge tussues, were studied separately (per unit of time 
and per unit of sponge-volume). These factors are 6 in number: 

a. The import (i) of the algae from the surrounding water © 

into the sponge tissue, a powerful and continually acting 
factor in nature and equally active in light as in darkness 
(p. 49—51, Table 7). 
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b. The export (e) of the algae from the sponge into the sur- 
rounding water, an uncertain but probably not important 
factor (p. 52, Fig. 76). 

c. The reduction (r) of the sponge tissue to a smaller volume, 
a factor which in nature only occurs in autumn and then 
might cause increase of the concentration of the algae in 
the tissue (p. 52—53). 

d. The growth (g) of the sponge tissue, which in a long space 
of time must strongly lower the concentration of the algae 
in the tissue and which is more active in green sponges in 
light than in colourless ones in darkness (p. 53). 

e. The intensity of multiplication (mw) of the algae, which in 
sponge tissue in equal concentration of the algae is much 
larger- in light than in darkness, in light in a strong con- 
centration larger than in a weak one, but in darkness in 
both cases + O (p. 54—56, Table 9, 10). 

f. The mortality (mo) of the algae, which in sponge tissue in 
equal concentration of the algae is much larger in darkness 
than in light, in darkness in a weak concentration some- 
what smaller than in a strong one, but in light in both 
cases almost just as large (p. 56—62, Table 6, 8). 

14. By cultivating the sponges under such circumstances, that 
the factors of import, export, reduction and growth were al- 
most entirely excluded, we could show that the phenomena — 
that green sponges grow colourless in darkness and colourless 
sponges grow green in light — must be explained as being caused, 
under these circumstances, by the combined action of the multi- 
plication and the mortality of the „symbiotic” algae (p. 62—66, 
Table 8). And we were able to prove, by means of the above 
mentioned data concerning those two factors, why they must 
cause those phenomena (p. 66—67). 

15. Next we have proved with the help of the above given 
data concerning all 6 factors (import, export, reduction, growth, 
multiplication and mortality): I. Why in nature ‘the Spongil- 
lidae must contain such an amount of the various green and 
colourless stages of the „symbiotic” algae in light and in dark- 
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ness, as we have experimentally stated, in short above sub 12 
and in extenso on p. 46—48 sub 1—11. IL. How in nature these 
sponges keep up their ,colour” (green or colourless), and how 
both ,colour”-types arise from each other. For, what happens 
eg. to the number of green algae of a sponge under certain cir- 
cumstances, in other words how the colour of the sponge is af- 
fected, entirely depends upon the value which each of those 6 
factors takes under these circumstances in the formula 


> 
i+r+mu=e+g-+mo 
<< 


the formula, which we have got to know as decisive for the 
number of green algae of a sponge (p. 68—75). 

16. By a comparison of the behaviour of the symbiotic” 
algae when cultivated in sponge tissue and isolated in water, we 
got to the following conclusion: In darkness the ,symbiotic” as- 
sociation of sponge and alga offers much less advantage to the 
alga than a life free in the water, as in the sponge all algae 
are destroyed (p. 77, 83, Table 10). In light, on the contrary, 
that „symbiotic” association offers more advantage to the alga 
than a life free in the water; that advantage, however, only 
consists in the fact, that the sponge protects the alga against 
destruction, eg. by enemies (p. 76—80, Table 10). The milieu — ~ 
the feeding milieu —, on the contrary, is in the sponge not at 
all more favourable to the alga than in the water, neither in 
light nor in darkness, but about just as favourable or even less 
favourable (p. 77, 80—83, Table 9, 10). When further we know 
that also in light algae are constantly destroyed in the sponge 
— though less than in the water —, we must conclude, that 
from the point of view of the use to the alga that association 
with the sponge cannot be called at all a symbiosis in the mean- 
ing of that of the Lichens (p. 84, 113—114). 

17. We could establish in 26 points the facts which bear upon 
the question about the use of the ,symbiotic” association (with 
the alga) to the sponge (p. 84—95, Table 11-—15). 
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With the help of these data we got to the following conclu- 
sion concerning this question (p. 111—114): 

It is either the want of food of the sponge or (and) the „poi- 
sonous’’ influence of harmful products of metabolism of the 
sponge (to be considered as a reaction of defence against a fo- 
reign intruder), which continually destroys green ,symbiotic” 
algae in the amoebocytes; and exactly those algae, the power of 
resistance of which is already weakened for some or other reason 
(p. 102—109). All algae killed in this way come to the benefit 
of the nourishment of the sponge; as this one digests and dis- 
solves them entirely either free in the protoplasm of its amoebo- 
eytes or in food vacuoles, keeps the products of the decomposi- 
tion (p. 96—97) and rebuilds its own cell parts with them, for 
instance the oildroplets and carbohydrate globules (p. 98—102). 
These oildroplets and carbohydrate globules in their turn are, 
among others, the source of the great quantity of energy, which 
the sponge transforms in the flagellar motion of its choanocytes 
(p. 100). 

For the present no decision can be given about the exact signi- 
ficance for the life of the sponge of the O,, which the living 
green algae in light secrete within its tissues (p. 93). It may be, 
that this 0, is of much significance; even so much, that the 
katabolic phase of the process of metabolism in a green sponge 
in light has quite another course by it — namely gives a rela- 
tively much larger quantity of energy to the sponge — than in 
the sponge in darkness (p. 98, 103, 109—110). Some indications 
were found for this possibility. 

Direct transfer of products of photosynthesis from the living 
green algae into the sponge tissue does, most probably, not take 
place at all (p. 96, 87, 92). 

When next we ask, what in fact the ,symbiotic” relation of 
sponge and green alga is, considered from the point of view of 
the use to the sponge, we cannot very well answer that question, 
before the problem, mentioned above, about the significance for 
the sponge of the O, secreted by the green alga in the light, 
has come to solution: 
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a. If the significance of that O, is in fact so important, as 
was thought possible above, we must conclude — notwith- 

_ standing the fact, that the sponge continually destroys and 
digests numbers of algae, and notwithstanding all other 
phenomena, which do not seem to go together with a sym- 
biosis — that the relation of sponge and green alga, con- 
sidered from the point of view of the use to the sponge, is 
in fact a symbiosis, though this symbiosis is by no means 
so complete as that of the Lichens. 

b. If, on the contrary, the significance of the O, secreted by 
the alga is only of little importance, we can conclude — 
whatever may be the real cause of the dying of the algae 
in the sponge tissue, whether it be the want of food of the 
sponge or (and) the ,poisoning” of the algae by products 
of metabolism of the sponge — we must conclude that, 
practically spoken, that so called symbiotic relation of sponge 
and alga is in fact nothing but simply a process of nutrition 
of the sponge, or, if you like, a very first transition of a 
process of nutrition into a symbiosis. At any rate this always 
counts for a sponge in darkness. 

For we could state the following: 

The sponge continually imports green algae from the sur- 
rounding water into its amoebocytes (p. 50), where those algae 
then — it should be explicitly mentioned — are killed and 
digested (p. 111) by the sponge only for a part, when circum- 
stances are favourable, while the rest of the algae can live on, 
photosynthesise and multiply (and will give their O,, produced 
in light, to the sponge tissues (p. 93) — the only argument one 
can mention in favour of the conception of symbiosis!). This 
favourable case is only realized in sponges growing in light 
(p. 70—72), and then not even always (p. 41, 75—76). If, however, 
the circumstances are somewhat less favourable — as is the rule 
in sponges in darkness (p. 69—70) and as sometimes happens 
also in those in light (p. 41, 75—76) —, then all imported algae 
(and all that might be present already) are continually and un- 
avoidably destroyed and digested by the sponge (p. 111). 


183 


18. Also some other views were given concerning the asso- 
ciation of sponge and green alga (p. 114—116). 

19. Some cases were mentioned, in which quite other algae 
(than the normal ones) occurred in a great number in the tissues 
of Ephydatiae, viz. two filamentous algae and an unicellular one. 
The two former proved to destroy the sponge tissue; the latter, 
on the contrary, was finally conquered by the sponge (p. 115— 
118, Fig. 483—52). 


B. 


20. The current of water through the canalsystem of the fresh- 
water sponges is caused by the flagellar motion of the choanocytes 
in the flagellated chambers. By studying isolated choanocytes as 
well as wholly intact flagellated chambers we could state, that 
this motion (in normal condition) takes place in a spiral- or an 
undulating-line, namely in a very rapid succession of waves of 
small amplitude passing along the flagellum from the base to the 
top (p. 124—132, Fig. 56a, 59); by which a current of water 
arises straight through the axis of the flagellar spiral and simi- 
larly in the direction from base to top, while the water flows 
on at the side of the base (p. 126—128, Fig. 56a). Exhaustion 
causes quite different motions of the flagellum, with abnormal 
current of water (p. 127—-128, 131, Fig. 56b-d). The whole water- 
current within a flagellated chamber is of course the resultant of 
the little currents caused by each flagellum separately ; it is rapid and 
regular (p. 132—133, Fig. 63). In order that a powerful and steady 
current may be maintained by the chamber, and that, therefore, 
the water will flow in quickly and exclusively at the prdsopyles 
and flow out by the apopyle, the structure of the flagellated 
chamber must comply with definite requirements; these require- 
ments were studied (p. 137, 138—136). 


C. 


21. By studying the phenomena of ingestion of food in nor- 
mally living microscopic preparations of sponge tissue, I could 
state that in fresh-water sponges: 


184 


The small (food-) particles are captured from the circulating 
water within the flagellated chambers, viz. outside-between the 
collars or between the bodies of the choanocytes, while thus, 
so to say, the water is filtered clear (p. 142—146, Fig. 63, 65— 
68). Next these particles are taken up within the choanocytes, 
united to conglomerates and ejected again into the ,,intercellular 
plasmic ground-substance” (p. 146—148, Fig. 66, 69—71), from 
whence the amoebocytes with symbiotic algae take them up in 
their turn (p. 146—148, Fig. 71). 

The coarse (food-) particles are captured from the circulating 
water outside and against the flagellated chambers at the side of 
the incurrent canal, and such, because they remain sticking in or 
against the prosopyles. The thin layer. of apparently undifferent- 
iated flowing protoplasm, which covers that side of every flagel- 
lated chamber with the exception of the prosopyles (p. 151— 
154, Fig. 72—74), then takes up each particle and carries it off 
aside into the tissue, so that the prosopyles again become access- 
ible (p. 148—152, 155, Fig. 75). 

Finally the question was discussed, whether food can be cap- 
tured by the sponge in still more ways (p. 155—156). 

22. No observations were made which could fortify the theory, that 
sponges feed especially on organic substances in solution (p. 138). 


D. 


23. My principal results regarding the digestion of food have 
already been mentioned in the discussion of the symbiotic relation 
of sponge and alga (see point 17). I only added some new obser- 
vations (p. 157—158). 


E. 


24. By observing the phenomena in my normally living mi- 
croscopic preparations, I have come to the conclusion, that in 
fresh-water sponges defecation — and very likely excretion 
at the same time (p. 166) — takes place on a large scale by 
means of vacuoles, which occur along the walls of the excurrent 
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canals in an apparently undifferentiated plasmic substance (p. 
160—168, Fig. 76, 77, 73), that in reality consists of amoeboid 
cells (p. 169—171). 

25. Defecation perhaps also can take place at the outer sur- 
face of the sponge (p. 169), but I have never observed choanocytes 
performing the function of excretion or defecation (p. 169). 


F. 


26. The common opinion, that the ground-substance of the 
parenchyma, the mesogloea, should be an undifferentiated inter- 
cellular plasmic substance, proved to me not right for Spongilli- 
dae. The mesogloea entirely consists of amoeboid cells, just as 
LIEBERKÜEHN and WELTNER stated (p. 171—175). 


Leyden, Zoological Laboratory, 
August 1918 
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TABLES: 


Tage 1. The production of gasbubbles (O,?) by green Spongillidae 
in bright day- or sun-light. Sponges newly captured; placed separa- 
tely into cylindrical glass vessels — capacity 5 L. (a. b.) or 3 L. (c.) — 
filled with water from the conduit, in the open air; sponge-pieces of 
equal volume in all series of experiments; an inverted funnel and tube 
placed under water over each piece. The sponges in darkness under 
a light-tight case. Column A indicates the presence (-+) or absence (—) 
of gasbubbles within or at the outside of the sponge tissue; column B 
the same for the inside of funnel and tube; column C the same for 
all outside the funnel and tube. The sign — indicates the number of 
gasbubbles to be unchanged. All series of experiments are mentioned, 
As for the discussion, see pag. 18. In c. the green sponge-pieces are 
taken from one specimen. 


a. Spongillae; in light; vol. 10 cM3. 


colour of sponge colourless 


n° of culture 


25. VII. 45 | 10 a.m. 


= 1 p.m. 
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26. VII. 6-5 
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b. Spongillae; in light; vol. 3 cM3. 


colour of sponge colourless 


n° of culture 


28. VII. 45 | 44 a.m. 
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ce. Spongillae; vol. 14 cM3. 
colour of sponge green colourless 

n°? of culture 401 402 

in light or in darkness darkness light 
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TaBLE 2. The production of O, by the isolated green chlorophyll 
corpuscles of the Spongillidae in light; proved by means of the 
ENGELMANN bacteria-method. Ravel preparations of living sponge tissue, 
to which some material from a bacterial-culture was added and also 
some small airbubbles, under coverglass surrounded with vaseline 
(pag. 12, 7). Column A indicates after how long a time in light or 
in darkness the preparations were observed; column B indicates the 
distribution and the intensity of motion of the bacteria then stated in 
the preparation. The chief experimental series has been mentioned; 
in all others the result was the same. As for the discussion, see 
pag. 19—20. 
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Tarre 3. The production of oildrops by the isolated green chloro- 
phyll corpuscles of the Spongillidae in light. Ravel preparations of 
living sponge tissue (pag. 12, 7). Column A indicates wether the 
chlorophyll corpuscles were in light (l.) or in darkness (d.) during the 
period preceding the examination; column B indicates the number 
stated of green chlorophyll corpuscles containing an oildrop per 100 
green corpuscles. Some less exact experimental series are left out. As 
for the discussion, see pag. 20. 


a. (Spongilla) | b. Spongilla 


n° of 
culture 


n° of 
culture 


date 


25. I. 45 |L. {68} 1. 


sali dd OSl ei ene ZO pl. 


46.1. |], |93/, |100], |40], /93], nth. later . |70] 1. 168 


HIVE {88} d.|92 


STV: 1. |90 


no of | 396a | 396b | 396e | 396d | | 306e | 396f | 396g | 396h | > 

culture 2 3 2. 
a ee en (aa dl 

date als. alb. als. A. |B. = A. |B. A.|B.|A.|B. | A.| B. 2 
16. VIIL 46|/d. |42|d. |30{d. |34|d. |60[42fd. | Ja} fa} fa 


18. VIII. 1. |82| 1 | 74] 1. [82] 1 [80/79] , |44] „ [40] „ [22] » | 36/35 


20. VIII. , 196] » 1921 » |94| » |94|94) 1. |78| 1 | 74] 1. | 86] 1. (76178 
92. VIII. , 188] » 178! » {92} » | 90|87 


TABLE 4. Cultures of the isolated green and colourless chlorophyll 
corpuscles of the Spongillidae in various feeding media in light and 
in darkness; their composition examined by means of microscopic 
preparations (pag. 12, 1). The manner in which these cultures were 
obtained and kept, as well as the composition of the media, is 


mentioned on pag. 9—12. 
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In the tables A—D is indicated: a. The n® of each culture. b. The 
species (sp. = Spongilla; ep. = Ephydatia) the culture has been taken 
from. c. The date of the beginning. d. The nature of the culture- 
medium (last column). e. The composition of the culture from the 
first day till as long as it was kept; so column 1 indicates by 
-+, 0, or — wether in the culture the green substance (n.b. exclu- 
sively that of the green chlorophyll corpuscles, not that of other algae 
which might the present) is increased, remained the same or decrea- 
sed; column 2 wether in the culture occurs a strong (+), a small (—) 
or no (n)!) infection of algae (a.), bacteria (b.), diatoms (d.) or of 
mould (m.); column 3 indicates the number of the green chlorophyll 
corpuscles present in the whole (microscopic) preparation; column 4 
the number of the green stages of division of those corpuscles; column 
5 the number of the ,,colourless chlorophyll corpuscles with struc- 
ture” (p. 42); column 6 the number of the ,,colourless chlorophyll 
corpuscles without. structure” (,,vague shades” excluded) — again 
always the number present in the whole microscopic preparation, 
consequently, present in an almost equal volume of each culture. 
As for the mode of stating these numbers as well as for the meaning 
of the symbols I—XII, see pag. 15—15. All data concerning one 
culture are united in one horizontal line. Next indicates: an asterisk 
to a n° (eg. 69°) that the culture orginated in a colourless sponge, 
a zero to a n° (eg. 84°) the culture originated in a green one; in 
all other cases the cultures of green corpuscles were taken from green 
sponges, that of colourless corpuscles from colourless ones; dr. means 
that the chorophyll corpuscles are degenerate, p. that they have 
grown pale; while c. denotes that there occur centra of growth of 
green corpuscles. 

All cultures are mentioned. To one series belong the following 
numbers (put together in parenthesis) — therefore these may be 
compared directly —: (37, 43), (65, 66, 72), (68, 69), (80, 81), (84—87), 
(91, 92), (413—120), (1424—129), (144142), (145148), (188—198), 
(199—204), (240—242), (309—316), (3819—321). The cultures n° 72 
and 86 were in the inorganic solution I of pag. 10; n® 114, 118, 125, 
128 in the inorganic solution II; n° 87, 141, 142, 146—148 in the 
diluted organic solution III; n® 445, 149, 126, 129 in the concen- 
trated organic solution Il; n® 488—195 and 199— 204 in the concen- 
trated organic solution I; all mentioned on pag. 10—11. The feeding me- 
dia of the other cultures are indicated in the tables (conf. pag. 10—11). 

As these cultures should inform us, if and under which circum- 


1) mentioned in special cases only. 
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stances green and colourless chlorophyll corpuscles pass into each 
other (pag. 37—41) — for we will try to explain in this way, why 
green sponges occur in light and colourless ones in darkness, and why 
green sponges grow colourless in darkness and colourless ones grow 
green in light (pag. 35) —; and as we can see from Table 8, that 
in general a green sponge must be in darkness for at least a month 
in order to grow almost colourless — during which period its number 
of green corpuscles strongly decreases, that of the colourless ones 
strongly increases — vand that a colourless sponge must be in light 
for at least a month in order to grow somewhat green — during 
which period its number of green corpuscles strongly increases and 
that of the colourless ones increases a little —; we should observe 
our cultures of the corpuscles for more than a month. 


From the tables 4 A—D results (see also p. 37—A4A4): 

1. The isolated green chlorophyll corpuscles, when cultivated in light 
or darkness in all kinds of feeding media, remain normal (green 
for instance) and alive for months, and multiply by normally 
green descendants. 

2, The green corpuscles multiply more rapidly in light than in dark- 
ness (pag. 55). 

3, In general the number of isolated colourless chlorophyll corpuscles 
in the cultures does not increase, but even decreases under all cir- 
cumstances mentioned sub 7; the corpuscles disappear from the 
culture and never pass into the green form. : 


4. When the green corpuscles decrease in number, the colourless ones 
increase; so the first ones probably pass into the latter (while these 
disappear after some time). 

5. Bacteria do not seem to harm the green corpuscles; but mould, 
diatoms and algae make them grow colourless (n° 84!) (which 
colourless corpuscles disappear). 
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TABLE 5. The transition of isolated green chlorophyll corpuscles of the 
Spongillidae into the successive colourless stages, brought about under 
various circumstances either in cultures (conf. Table 4) or in vaseline pre- 
parations (pag. 12, 7), and studied by stating the number of the various 
chlorophyll corpuscles present in a microscopic preparation (pag. 13-14). 

In the table is indicated: a. The n° of each culture or of each prepa- 
ration. b. The species (s. = Spongilla; e. = Ephydatia) from which 
the corpuscles were taken. c. The date of the examination. d. Wether 
the corpuscles were kept in light (l.) or in darkness (d.). e. The num- 
ber of the various corpuscles stated: sub 1 that of the green ones, 
sub 2 that of the ,,colourless ones with clearly marked out structure” 
(p. 42), sub 3 that of the ,,colourless ones with shade of structure”, 
sub 4 that of the ,,colourless ones without structure”, and sub 5 that 
of the ,,vague shades of colourless ones” without structure. In the last 
column is mentioned, wether these data concern a culture or a vase- 
line preparation and under what special circumstances it was. As for 
the meaning of I—XII, see pag. 14; and for the discussion, see pag. 
43, 11; p. indicates that the green corpuscles have grown pale. 
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TABLE 6. The mumber of the various green and colourless chlo- 
rophyll corpuscles present in different stages of development of the 
tissue of living green and colourless Spongillidae grown in light or 
in darkness, examined microscopically by means of ravel preparations 
of the tissues (pag. 12—14). 

It was of much importance to know the intrinsic amount of chloro- 
phyll corpuscles in the sponge tissue during its different stages of 


development, viz. in its prime youth — when growing vigorously —, 
in full-grown state — growing no more —, and in its stage of rest — 


as gemmulae in winter. Young, growing tissue we find 4s in the small 
(2—5 m.M.) sponge-disks, attached for instance to stones, and being 
probably newly germinated gemmules; 2"¢ in the tops of the branches 
of Spongilla (p. 16); probably, however, the disks will appear younger 
than the tops. Full-grown tissue we generally find all over the sponge 
body except in the tops, so for instance at the base of the branches 
or in the crust (p. 16). This only concerns Spongilla; as mentioned 
(p. 16), Ephydatia does not form long branches but cushions; so in 
this sponge we can not distinguish a certain limited region of growth. 
There the growth is more general, but then locally not so vigorous 
as it is in the tops of Spongilla. 

Consequently, for Spongilla I shall indicate in the table the amount 
of chlorophyll corpuscles in 4 groups, viz. for the tissue of 1st sponge- 
disks, 2°¢ branch-tops, 3" branch-bases or crusts, 4% gemmules. In this 
last group one may distinguish again the gemmules in different 
stages of development; their last stage then joins the group of the 
sponge-disks. In this way the circle is accomplished. For Ephydatia 
we can not give groups of old and young tissue — as mentioned —; 
of course it could be done for disks and gemmules, but this has been 
left out here. 

In the tables is indicated: a, The month of the analysis of each 
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sponge. b. Wether the sponge, at the moment of its analysis, was 
brought from its habitat in nature to the aquaria for more (n.) or 
less (i.) than 2 weeks ago; in the first case we may say, that pro- 
bably a good deal of the influence of the import of chlorophyll cor- 
puscles (p. 50) on the amount of these corpuscles in the sponge will 
have disappeared; but not, however, in the last case. c. The number 
of the various chlorophyll corpuscles present in the tissue: in column 4 
that of the green ones, in col. 2 that of the green stages of division, 
in col. 3 that of the ,,colourless corpuscles with structure” (p. 42), in 
col. 4 that of the „colourless ones without structure” (,,vague shades” 
excluded); always the number present in the whole microscopic pre- 
paration, present, therefore, in an almost equal volume of each sponge. 

The data concerning one sponge piece are given on one horizontal 
line. Sub 5 the analyses of different pieces of a same sponge are 
indicated: by the same letters. All analyses are mentioned. As for the 
meaning of I—XII, see pag. 14. At last for each tissue-group of the 
green and colourless sponges the amount of the various chlorophyll 
corpuscles, present in all analyzed sponges together, is composed, 
This composition simplifies of course the mutual comparison of the 
results of the different groups. 

As for the discussion, see pag. 46—48 and 76, 
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TABLE 6 B. Spongillae. 


green ones from darkness colourless ones from light 


tissue of bases 
and erusts. 


tissue of bases 


and ecrusts. 
EE |D Go PS 


WARE eh VAT EL (JIE V EU 
WEE VILE} VIVID 


Ves VEE TE ev IX 


TABLE 6C. Ephydatiae. 
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TasLe 7. The capture of green chlorophyll corpuscles by colour- 
less Spongillae from a diluted suspension (in water) of such corpuscles 
isolated from a green sponge. 

Some equal cylindrical glass vessels were filled with 3 L. of water 
from the conduit; then a same quantity of the material, pressed out 
from a green Spongilla, was added to each vessel of one series; so 
all vessels looked equally grayish. This suspension always proved to 
contain green chlorophyll corpuscles only, no other algae. Next an 
equally large piece of colourless Spongilla was placed in each vessel 
of the series, except in one, and all vessels exposed to light or kept 
in darkness. Sometimes also an equally large piece of colourless Spon- 
gilla was put into a vessel filled with water from the conduit only, 
and exposed to the same conditions. 

In the tables is indicated: a. The degree of troubling of the culture 
suspension (+--+ + 4 = very much troubled; 0 = clear). b. The 
colour of the sponge. c. The presence (+-) or absence (0) of oscular- 
tubes. These data are given for several days. The chief series have 
been mentioned. As for the discussion, see pag. 28, 49; for the con- 
tinuation of the experiments, see Table 8. 


in light; volume sponge 10 cM; 9—VI—’15. 


n° 244 245 246 247 248 251 
contents of | SUSPeRS: suspens. | suspens. | suspens. | suspens. | suspens. 
vessel a aj ze + a 
sponge sponge sponge sponge sponge 
degr. of troud. |t ++ +)/++++)++++4+/++++)+4+++4+/+444] ga 
col. of spong. | colourless | colourless | colourless | colourless | colourless day 
osc. tub. 
degr. of troub. | + +++] +++ ae EES 0 ge ee 
col. of spong. | somewhat | greenish |the greater} greenish | entirely ga 
greenish part light- light-green day 
green 
ose. tub. = 0 +++ 0 |++++ 
degr. of troub. |+ 4d +] +++ 0 +++ 0. |++++ 
col. of spong. | somewhat | greenish |the greater} greenish | entirely 3a 
greenish part light- light-green day 
green 
ose. tub. 0 0 lS 0 ae 
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TABLE 7 B. in light; volume sponge 7 cM3 11—V1-—15. 


254 255 256° - 


257 


258 


suspens. suspens. | suspens. | conduit- 


Suspens. | Suspens. | Suspens. 


contents of \ water 
vessel “ - a + + + 
sponge | sponge | sponge | sponge | sponge | sponge 
degr. of troub.|+-++-+|++++|+++4+)+++4+)/++++4+4+4+4+) 9 Jay 
col. of spong. colourless |colourless colourless colourless colourless colourless aa 
osc. tub. y 
degr. of troub.]++++]/ ++ | ++ | +++) 4+ ++ 0 
col. of spong. 2/5 light-| 1/, light-|somewhat) 3/; light-| '/, light- colourless| 2d 
green green | greenish | green green day 
ose. tub. eae; 0 0 hy a 0 ae 
degr. of troub. |+++-+ ++ + + + 0 + 0 
col. of spong. 1, light-| 3/4 light-| '/, light-| °/, light-) 1/, light-|colourless| 4th 
green green green green green day 
osc. tub. 0 0 0 0 0 Fb 
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TABLE 7C. in darkness; volume sponge 3 cM3; 24—VIII—’15. 
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deer. of troub. [+ + + + 0 + 0 : 
col. of spong. 1/, light-green | 1/, light-green colourless 4th 
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TABLE 8, Cultures of green and colourless Spongillidae in light or 
in darkness in, aquaria filled with flowing water from the conduit; 
while the colour of the sponges and the number of the various green 
and colourless chlorophyll corpuscles in the tissues changes or remains 
constant. 
Generally of each sponge some pieces were cultivated in light and 
some other ones under equal circumstances in darkness; such pieces 
of one sponge are indicated in the tables with one n°, adding L. or d., 
event. IT and II, to it. These cultures, of course, may be compared 
directly. The colour, and generally also the number of the various 
chlorophyll corpuscles in the tissues of each sponge (— piece) was exactly 
examined (pag. 13—15) at the beginning as well as at the end of the 
experiment. Mostly the material of the branch-tops was well discerned 
from that of the branch-bases (see Table 6 A). 
The cultures took place, as mentioned, in aquaria with flowing 
water from the conduit or sometimes in glass vessels with 3 L. of the 
same (but not flowing) water. As for the arrangement, see pag. 8—9. 
The cultures were kept till the sponges began to die or to reduce 
their tissue; Spongillae usually after about 4 month, Ephydatiae after 
about 2 months. In this way the factors of import, (export), reduction 
and growth (p. 49—53) were excluded as much as possible in these 
experiments; while as only active factors remained multiplication and 
mortality (pag. 54—62). 
_ That import was excluded follows from the fact that the sponges 

were cultivated in water from the conduit. The export is, as stated 
above, an uncertain but probably not important factor. The reduction, 
as mentioned, was excluded by putting a stop to the experiments, as 
soon as it appeared; while, moreover, a continual vigorous circulation 
of fresh water through the aquaria tried to limit its troubling con- 
sequences as much as possible (p. 53). Had these measures been not 
entirely sufficient (which cannot be decided), one may consider, how- 
ever, safely that the reduction will have equally influenced all expe- 
riments of one series. The factor of growth, of course, can never be 
entirely excluded; but in these experiments it was generally but very 
weak only (p. 53). 

In the table is indicated: a. The n° of each experiment. b. The 
species of the sponge piece (s. = Spongilla; e. == Ephydatia). c. Whe- 
ther the piece was cultivated in an aquarium (a.) or in a glass vessel 
(v.). d. The date of the examination. e. Whether the examined mate- 
rial was taken from a branch-top (t.) or from a branch-base (b.). 
f. Wheter the sponge, at the moment of examination, was in good 
condition (g.) — showing no or but few reduction —, or that more 
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reduction (r.), or some dying (+) could be observed. g. Whether the 
sponge had grown very weakly (—), rather well (+-) or vigorously 
(+--+). h. The colour of the sponge; for which I shall make use of 
the following expressions, indicating the green colour with decreasing 
intensity: dark green > green > light-green > yellow-green > light 
yellow-green > greenish > colourless. 7. The number of the various 
chlorophyll corpuscles present in the tissues: sub 1 that of the green 
ones, sub 2 that of the ,,colourless ones with structure” (p. 42), 
sub 3 that of the ,,colourless ones without structure” (,,vague shades” 
excluded); always the number present in the whole microscopic pre- 
paration, so in an almost equal volume of each sponge. As for the 
meaning of I—XII, see pag. 14. j. The type to which the sponge 
proved to belong during the experiment; in type I the green colour, 
therefore also the number of green chlorophyll corpuscles, increases ; 
in type HI the green colour and the number of green corpuscles 
decrease; in type II the green colour remains constant as well as 
the number of green corpuscles, or the green colour or the number of 
green corpuscles changes a little by increase or decrease; in the last case 
but one we may speak of a type II’; in the last one of a type HU. 

All experiments are mentioned; those belonging to one series are 
placed together in one space. As for the discussion, see pag. 58—66. 

In this table has also been registered the behaviour of some colour- 
less sponges, which had first been for some time in a suspension of 
green chlorophyll corpuscles, which, therefore, had been purposely 
infected with those corpuscles (see Table 7); viz. n° 246, 248, 254—256 
etc. For the discussion of these results, see p. 28, 50. 
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TasLe 9. The intensity of multiplication of the green chlorophyll 
corpuscles of Spongilla in light, when cultivated in sponge-tissue or 
in water in a weak or in a strong concentration of the corpuscles. 

Of a green Spongilla a piece was cultivated in an aquarium (p. 8—9), 
while two cultures of green chlorophyll corpuscles in water were 
made of the remaining parts (p. 9), one containing the corpluscles 
in a weak concentration the other in a strong one. The sponge and 
the cultures were kept at about the same temperature. In all of them 
the number of the stages of division per 100 green corpuscles was 


daily examined — sometimes even several times a day —. A darker 
green rim was soon formed in the cultures to the membrane on the 
bottom (p. 10) — the usual way in which the multiplication of the 


material is first recognized. Of course the chlorophyll corpuscles were 
in a stronger concentration in this rim than somewhere else in the 
membrane. 

In the tables is indicated: a. The date and the hour of the exami- 
nation. b. The then stated number of the stages of division per 100 
green corpuscles in the green sponge as well as in the cultures in 
water, in the membrane and in the rim, in strong and in weak 
concentration of the corpuscles (— means no rim; + rim present). 

One day the concentration of the green corpuscles in the sponge 
and in the cultures was closely examined and compared. As for the 
method used, see p. 81. We shall call this concentration in a dark 
green sponge or in a dark green membrane: strong (s.); that in a 
yellow-green to light-green sponge or membrane: moderate (m.); and 
that in a greenish sponge or membrane: weak (w.). 

From the tables results: 7 Periodicity in the multiplication does 
not occur (p. 54). 2 The weaker the concentration of the corpuscles 
present in a culture the higher is their intensity of multiplication 
(p. 55). 3 In strong concentration the intensity of multiplication in 
water and in sponge tissue are equal (p. 82). 4 The culture may be 
destroyed quickly when infected by protozoa (p. 79). 
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TaBLE 9 A. N° 373. 


EED EE Ee en nennen en 


water from conduit 


green 
sponge 


date hour strong conc. 


weak conc. remarks, 


mem b. 


rim 


mem b. 


~<— concentr. 


average since 


6. VII 


208 


TABLE 9 B. N° 389. 
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Tarre 10. The intensity of multiplication of the green chlorophyll 
corpuscles of the Spongillidae and the total increase or decrease of the 
whole number of green corpuscles, when cultivated in sponge-tissue 
or in water, in light or in darkness. 

Generally of each sponge a piece was cultivated in an aquarium in light 
and another one under equal circumstances in darkness (p. 8); such 
pieces of one sponge are indicated in the tables with the same n°. 
All these sponges have been mentioned already in Table 8 on account 
of the changing of their colour and their amount of various chloro- 
phyll corpuscles. As stated there, the factors of import, (export), reduc- 
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tion and growth were excluded as much as possible in these expe- 
riments. At the same time also cultures of green chlorophyll cor- 
puscles isolated from the same or from other sponges (p. 9) were 
made in water from the lake or (and) in that from the conduit, in 
light or in darkness. Also these cultures were placed (in bottles) in 
the aquaria; consequently, all experiments of one series were exposed 
to the same temperature. If the cultures (in bottles) arose from the 
same sponge, which was also used for the sponge-experiment, they 
have no special n® in the table; but they have, when arising from 
another sponge (except in n° 440—436). For each sponge piece and 
for each culture the intensity of multiplication, the concentration and 
the total increase or decrease in number of the green corpuscles 
was examined after some weeks. 

In the table is indicated:-a. The n° of the experiment. b. The 
concentration of the green corpuscles in the sponge tissue at the 
beginning of the experiment; that in the cultures in water was then 
always weak (w. or w. +), only in n® 309—316 and n° 379 it was 
moderate (m.), while that in the water-cultures of n° 440—436 is given 
in the table. c. The date the experiment was brought to an end. 
d. The results then stated: sub 1 the number of the stages of divi- 
sion per 100 green chlorophyll corpuscles; sub 2 the concentration of 
these corpuscles in the part which had been examined; sub 3 the 
total increase (+) or decrease (—) or the equalness (0) of the whole 
mass (here = the whole number ')) of these corpuscles, calculated (per 
unit of volume) from the colour-changing *); all this, concerning the 
corpuscles present in the sponges or in the water from the lake or 
in that from the conduit, in light as well as in darkness. e. Whether 
the sponge material had been taken from a Spongilla (sp.) or from 
an Ephydatia (e.). f. Some remarks. 

As for the method of examining and comparing the concentration 
of the chlorophyll corpuscles in the sponge tissue and in cultures, 
see p. 81. We shall call this concentration in a green to dark green 
sponge or membrane: strong (s.); that in a yellow-green to light- 
green (gray-green) sponge or membrane: moderate (m.); that in a 
colourless to greenish to light yellow-green sponge or membrane: 
weak (w.) %). 

All experiments are mentioned; those belonging to one series are 
placed together in one space. 

As for the discussion, see p. 54—56 and p. 77—83. 


1) As their size in sponge tissue and water remains almost equal. 
2) In the table + or — to an indication (eg. m.+,0—, +—) means, that the 
quantity is somewhat greater or somewhat smaller, than the indication denotes by itself. 
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Tanre 14. Cultures of isolated green chlorophyll corpuscles of 
Spongilla in water, in light or in darkness, Comparison of the num- 
ber of oildrops occurring free in the cultures to that present in the 
green corpuscles, with respect to the number of green stages of divi- 
sion and the number of colourless corpuscles without structure pre- 
sent in the cultures. 

In the chief experiment (n° 290) several other cultures have been 
made of one original culture, on two different moments. These new 
cultures are indicated in the tables by braces proceeding from the 
original culture. All these cultures were from time to time microsco- 
pically examined as to oildrops etc. (pag. 13—15). The observations 
concerning a same culture are united in the table by short lines. The num- 
bers joined to the braces and lines’ indicate the time (in months) 
between the two observations; |. means culture in light, d. culture 
in darkness. For each observation is mentioned: sub 1 the number of 
the green chlorophyll corpuscles, sub 2 that of the green stages of divi- 
sion, sub 3 that of the colourless corpuscles without structure, sub 4 
that of the green ones containing an oildrop, sub 5 that of the free 
oildrops; always the number present in the whole microscopic prepara- 
tion. As for the meaning of I—XII, see pag. 14—15; as for the 
discussion, pag. 86—87. 


Tarre 12. The number of oildrops per amoebocyte in the tissues 
in different stages of development (conf. Table 6) of green Spongil- 
lidae from light and in colourless ones from darkness (may be also 
from light); microscopically examined by means of ravel preparations 
from newly captured living sponges (p. 12—15). 

For Spongilla these observations are given in 4 groups(conf. Table 6), 
viz. for the tissue of 7. branch- tops 2. branch-bases 3, different gemmule 
stages 4. sponge-disks; for Ephydatia only for full-grown tissue (Table 6). 

In the tables is indicated: a. the month of the examination. b. The 
number then stated: in column 1 the (average) number of oildrops 
per amoebocyte, in col. 2 the number of the green chlorophyll corpuscles, 
in col. 3 that of the green corpuscles containing an oildrop, in col. 4 
that of the colourless ones without structure; in the last 5 cases the 
number present in the whole microscopic preparation, On each hori- 
zontal line the data concerning one sponge piece are given; sub 5 
the analyses of different pieces of a same sponge are indicated by 
the same letters. Finally for each tissue group the data, concerning 
all analyzed sponges together, are composed; this composition sim- 
plifies of course the mutual comparison of the results of the different 
groups. As for the meaning of I—XII, see pag. 14; as for the dis- 
cussion, pag. 85, 87—89. 
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Tasre 12. Spongillae. 
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Taste 13. The presence of a lipase in the tissue of Spongilla. 

In order to prove this presence I first made a sufficient quantity 
of pure emulsion of fat (oildrops) from the sponge tissue, in the 
following way: 

A living Spongilla (green or colourless; or gemmulae) is rubbed and 
pressed, the parts of the skeleton removed; then the pressed out 
liquid is centrifuged for about 5 minutes, by which a thick mass (of 
sponge cells and chlorophyll corpuscles) sinks to the bottom and the 
liquid remains. The latter contains numerous oildrops (and, may be, 
chlorophyll corpuscles). Next this liquid is evaporated at 60°; the 
residue extracted by ether; the ether then filtered and evaporated 
too. Then remains a substance of vaseline-like consistence, sticky, 
with a strong smell, melting when warm and then forming a lasting 
greasy spot on paper, indissoluble in water, but dissoluble in ether 
and xylol, stained red with sudan III and black with osmic acid. 
Consequently this substance is fat. By boiling in water it becomes 
an emulsion again, containing the same oildrops we originally pro- 
ceeded from. (Besides, this boiling is necessary to destroy all traces of 
enzymes, that might still be present.) I shall call this boiled liquid 
„emulsion”’, 

Next another living sponge is rubbed and pressed, etc, etc. (see 
above); while the liquid, remaining after centrifuging, is kept. This 
will contain the lipase, at least when it is present in sponge tissue. 
This liquid I shall call „enzyme”. 

As one knows, the lipase splits the fat by hydrolysis into its com- 
ponent parts: the glycerine and the acids. It is the arising of the 
latter we have to show in our experiments; in the following way: 
A certain quantity of ,enzyme” and ,,emulsion” are mixed; to this 
we add one drop of the indicator phenolphthaleme — being red in 
alkaline milieu, but colourless in an acid one and such a small 
quantity of an (alkaline) Na, CO, solution that the whole mixture 
becomes light-red. The acids, then, set free from the ,,emulsion” by 
the lipase will make the red colour disappear. In order to get a pure 
result it is necessary, however, that in this mixture no acids arise in 
another way than by the hydrolysis due to the lipase; or at least 
that we reckon with it, if it proves to be the case. 

3 Series of experiments (1, Il and IIL) were made at the same time, 
in which the following substances were mixed: 


[. 15 drops of ,,enzyme” + 2.5 cM? of ,,emulsion” +1 drop of phenolph. + Na, CO, sol. 
|. 15 drops of „enzyme” + 2.5 cM? of water +1 drop of phenolph. + Na, CO; sol. 
I. 15 drops of water + 2.5cM? of „emulsion” + 1 drop of phenolph. + Na, CQ; sol. 


212 


The experiments were kept for hours at the same temperature as the 
room. Meanwhile the colour was accurately examined; while I used the 
following indications for the red tint, arranged according to decrea- 
sing intensity: light-red > somewhat red > reddish > somewhat 
reddish > colourless. In the table we find the colour-changings re- 
gistered; the data concerning one experiment, obtained at the times 
indicated, are given on one horizontal line, 
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I should mention that the colours of I;, Il, and HI, were absolutely 
equal at the beginning of the experiment; this was also the case in 
I,—I,,, H,, Is, HI, and III, as well as in I,,—1,,, II;, U,, III, and 
II. The experiments I, etc, Il, etc. and III, etc. contained other 
„enzyme” and „emulsion” than the preceding ones. 

In the first place we see from the table, that the blind” experi- 
mental series If and III lose indeed more or less their red colour. 
Consequently, acids are set free in these. In If one might ascribe 
this to hydrolysis due to the lipase, for this mixture must have also 
contained some (few) oildrops. But in [IL no lipase can have been 
present at all; nevertheless the fat is hydrolyzed — probably by means 
of the alkali — (or the red colour diminishes by the entrance of CO, 
from the air). - 

The experiments of series I, however, prove to lose their red colour 
sooner than those of IL and III. One might be inclined to explain 
this by the combined influences, which were acting separately in II 
and III. But that would not be exact, as is shown in the second and 
in the last group of experiments. Still another factor must have been 
acting. That must be the hydrolysis of the fat by the lipase. But 
this lipase does not seem to be very active here; although it is diffi- 
cult to give a decision. 


” 


’ 


TABLE 14. The number of oildrops and of globules, which can be 
stained (brown) by I, present in choanocytes in comparison to that 
in amoebocytes, in green and colourless Spongillidae taken from 
water of the lake, from water of the canal and from that of the 
conduit; microscopically examined by means of ravel preparations 
(p. 42—15) of sponge tissue. 

I examined green Spongillae (s.) and Ephydatiae (e.) from light and 
colourless ones from darkness. The (average) number of oildrops 
(oildr.) and of globules which can be stained by I (glob. I) was always 
stated in the same volume of amoebocytes (sub 1) and of choanocytes 
(sub 2). As for the meaning of I—XII, see pag. 14. In the column 
remarks” is mentioned: the species of the sponge; the month of 
the examination; whetherythe sponges, after their capture from the 
lake or the canal, had been in water from the conduit (aq.) before 
they were examined, and for how many time; and whether sponge- 
reduction had occurred. 

All experiments are mentioned, As for the discussion, see pag. 90—93, 


TABLE 14. 


water of canal 


water of lake 


green sponge colourl. sponge green sponge colourl. sponge | 
oildr. | glob. I oildr. | glob. I remarks oildr. glob. I oildr. glob. I remarks 
1 Kie de 2 1-2 


IX 


[vir 
VII 
VII vir 


XII | XII 


VI 
1X 


1 he | 2 


IX 
IX 


IX | 
IX 


X XII XII 


XII | 


„not in aq. 


| a, IX: 
|| 4 day in aq. 


sx OV: 


| 1 day in aq. 


e. Vik 


ae VI. 


1 day in aq. 


pd bd 


VII 


be Dd 


VII VID | VHI 


XN 
XII 


XII 
XII 


VI, 


XI 


XW 


| cia. 


1 day in aq. 


ge VE 
1 day in aq. 


es NI. 


|| 4 day in aq. 


s.--ViITT. 
not in aq. 


water from conduit 


green sponge 


colourl. sponge 


oildr. | glob. 


I oildr. | glob. 


1 2 1 


2 q NE! 


r | 


sg. ER 
reduct. ? 


remarks 


{4 month in aq. 


NN EN a 
ee Kr X VII XI Xe eee 
VERDER CLE XIE || XXI XEEN leje reduct. 

4 month in aq. 
van xm| xl x | ix \xnl x | xs. vm. 
‘VV vrm X | X | X |XII| X {XI 20 reduct. 
/ i 5 days in aq. 
IX | XII | XII) XI || s. IX. 
IV VHI), X (XII | no reduct. 
IV | VII} .X (XII || 4 month in aq. 


so Xe 
no reduct. 


ee 
+ month in aq. 


214 


TABLE 15. The number of amoebocytes, containing food-vacuoles, 
present in the (ravel) preparation (p. 12—15) of green and colour- 
less Spongillidae (before, and after they have been cultivated in 
aquaria) from light and from darkness, in tissues in different sane 
of development (conf. Table 6). 

Immediately after the capture of green Spongillae from light and 
colourless ones from darkness their branch-tops and branch-bases 
were examined as for their amount of amoebocytes containing food- 
vacuoles; of Ephydatiae only the full-grown tissue was studied (conf. 
Table 6). After some weeks’ culture in water from the conduit in 
light or in darkness this examination was repeated, then, only’ for 
full-grown tissue. Generally of each sponge a piece was cultivated in 
light and another one under equal circumstances in darkness. As 
for the meaning of I—XII, see p. 14. The total number of amoe- 
bocytes present in the preparation was always very numerous (XT). 

In the table is indicated: a. The n° of the experiment. b. The date 
of the examination. c. The then stated number of amoebocytes con- 
taining vacuoles present in the preparation of a branch-top (t.) or a 
branch-base (b.), for cultures in light or in darkness; viz. on the 41% 
line the number immediately after the capture (so at the beginning 
of the experiment) and on the 2°¢ the number at the end. Finally — 
for each tissue group the data, concerning all analyzed sponges together, 
are composed. 

All observations are mentioned. The green Ephydatiae came from 
the light, the colourless ones from darkness or from the light. As for 
the discussion, see pag. 94. 


TaBLe 15 A. SPONGILLAE. 
green ones from light colourless ones from darkness 
‘cultures in ; Ses ‘cultures in : 
light | darkness | light | darkness 
date | t. E Sore bop one ie date libel at b. 
2 
23. VII | 298 25. VII | VII | TO EV UV 
17. VII 16 VIII | IX IX 
3| 23. VII 299 | 26. VII | Il | ER EVEN 
VI | ‚16. VIII | IX | | VII 
24. VII | 
LA 
22. VI ie Rene 
ENAIT | 
| aes ie 
peel ay WL | Bals | IT 
b Pa Ne HI | VII 
c k = VI 
d l 5 | MEW IEN 
e m En IV | VII 
f n a VI | IV 
g Ohad cache (VIII VID 
h P | is | | VI (VIII 
| 
together; results of newly captured sponges 
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4,1+ 5, 1I1+2.1V +4. VI 4.11 +2.11+4.1V +3. VI + 


44. VIE 44. VIII 


bases: bases: 
4.142. ITI 4+1.1V +6. VI + 1.11 +3. IV +2. VII-+ 2. VITI+ 2. IX 
+ 4, VIT+ 4. VITI +4. IX 
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343-4 
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366 I 


366 IT 


TABLE 15 B. 


EPHYDATIAE. 


green ones 


ee 


colourless ones 
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light darkness 
fee a Oe led 
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VII IV 
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| VII IV 
| art | Iv [338 
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IV Vv 
IV IV 
IV 
Ly" 
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ILLUSTRATIONS. 


EXPLANATION OF PLATES n® I—VI. 


For clearness’ sake many figures have been drawn more or less dia- 
grammatically from nature. For each object (,,symbiotic” alga, flagellated 
chamber, etc.), however, at least one illustration true to nature has always 
been given. 


Fig. 1. 
Fig. 2. 
Fig. 3. 


Fig. 4. 


Fig. 5. 


Living green Spongillae lacustr. in water (natural size). The sponge- 
crust cannot be seen. As for the discussion, see p. 15—16. 

Living colourless Spongillae lacustr. (natural size) in water, show- 
ing oscular tubes. The sponge-crust cannot be seen. See p. 15—16. 
Living Spongilla growing on coverglass (magnif. 4 times). 1. = old 
centre; 2. = newly formed membrane. See p. 12—13. 

Isolated living amoebocyte of Spongilla grown on coverglass (magnif. 
+ 1000 times). nw. = nucleus; gr. alg. = green chlorophyll cor- 
puscles. See p. 17, 175. 

Living green chlorophyll corpuscle of Spongillides (= ,,symbiotic” 
alga). Magnif. + 6600 times. ch.p. = chloroplast; odr. = oildrop. 
See p. 24—25. 


Figs. 6—11. Plasmolysis in the ,,symbiotic” algae of Spongillidae. The hea- 


vily dotted portion represents the chloroplast; the slightly dotted 
one the protoplasm. See p. 26. 


Figs. 12—31. Different stages of the living green ,,symbiotic” algae of Spon- 


gillidae. Figs. 16—22, 25—29, 31 stages of division. The dotted 
portion represents the chloroplast. See p. 24, 30—33. 


Figs. 32—34. Plural stages of division of the green „symbiotic” algae of 


Spongillidae. The dotted portion represents the chloroplast. See p. 33. 


Figs. 35—37. Colourless stages of the ,,symbiotic” algae of Spongillidae. 


Fig. 35 represents a „colourless alga with clear structure”; Fig. 36 
a „colourless one with shade of structure”; Fig. 37 a „colourless 
one without structure”. See p. 36, 42. 


Figs. 38—42. Green „symbiotic” algae of Spongillidae killed, and stained 


by methylene-blue or haematoxyline. In Fig. 38 and 39 the oildrops 
have been stained. See pag. 25—26. 


Figs. 43—45. Filamentous algae infecting Ephydatia (magnif. + 350 times). 


See p. 117. 


Figs. 46—52. Unicellular alga infecting Ephydatia (magnif. + 800 times). 


The dotted portion represents the chloroplast. See p. 117. 


Fig. 


Fig. 


Fig. 


Fig. 


53. 
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ig. 56. 


oi. 


59. 
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Diagrammatic representation of a section of the body wall of Spon- 
gilla (with few alterations after Deracr and H&rovarp). enli. = 


conulus; p. = ostia; os. = osculum; os.¢. = oscular tube; ects. 
= ectosome; cv. hy. = subdermal cavity; en. inh. = incurrent 
eanal; cn. exh. = excurrent canal; chs. = parenchyma; the arrows 


indicate the direction of the water current. See p. 119—120. 
Flagellated chambers and surroundings in Spongilla. fl. ch. = 
flagellated chamber; inc. can. = incurrent canal; exc. can. = 
excurrent canal. Magnif. zt 130 times. The arrows indicate the 
direction of the water current. See p. 120. 

Section of a flagellated chamber of Spongilla (magnif. + 1600 times), 
after VOSMAER and PEKELHARING. ap. = apopyle. See p. 120. 
Successive stages of the flagellar movement of an isolated choa- 
nocyte. The cell body is still connected with several other choa- 
nocytes, the collar is entirely retracted. The arrows indicate the 
direction of the water current, the dots floating particles; the 
moment of observation is given in each case; a. immediately 
after isolation; in e. the flagellum has finally come to rest. Magnif. 
+ 1770 times. See p. 126—127. 

As Fig. 56. The collar is partly retracted. a. zinnen after 
isolation; in c. the flagellum has come to rest; in d.—e. a (new) 
period of weak motion began again, which is nad in f. Magnif. 
+ 1770 times, See p. 128. 

Successive stages of the flagellar movement of a number of cho- 
anocytes still joined within a part of a flagellated chamber, 
observed in a ravel preparation. The collars are entirely retracted. 
a. immediately after isolation, in c. the. flagella have finally come 
to rest. Cnf. Figs. 56—57. See p. 128, 132. 

Intact flagellated chamber of living Spongilla grown on cover- 
glass; the flagella in the normal spiral- or undulating-motion. 
The collars are fully expanded. ch. 1. = choanocytic layer; odr. = 
oildrops. Magnif. + 1430 times. See p. 130—131. 


Figs. 60—62. Representation of flagellum and collar seen on top; in Fig. 60 


Fig. 


63. 


. 64, 


the flagellum stops, in Fig. 61 it is in spiral-motion, in Fig. 62 in 
flat undulating-motion. See p. 131—132. 

Diagrammatic representation of the water current inside a flagel- 
lated chamber of Spongilla. pr.p. = prosopyle; ap.p. = apopyle; 
the arrows indicate the direction of the current; + and — refer 
to the water pressure. See p. 132—134. 

Semi-diagrammatic representation of a chamber, the flagella of 
which are beating with the tops outside the apopyle. ch.l. = 
choanocytic layer. See p. 135—136. 

The different ways of capturing (food-)particles within a flagel- 
lated chamber of Spongilla (diagrammatic). The prosopyles have 
not been drawn, nor the separate cells of the choanocytic layer 
(ch.l.). The way taken by the particles is indicated by dots. 
a. and b. show the capturing between the bodies of the choano- 
cytes; c. the capturing between the collars; d. the capturing at 
the bases of the collars. See p. 143—145. 
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Fig. 66. The capture of (food-)particles within a flagellated chamber with 


2 prosopyles, viz. between the bases of the collars of the choano- 
cytes (semi-diagrammatic). The way taken by the particles is 
indicated by dots. The separate cells of the choanacytic layer 
(ch. 1.) have not been drawn; the layer contains numerous particles 
which have been captured. Magnif. + 1000 times. See p. 143—146. 


Figs. 67—68. The capture of a carmine grain between 3 collars (Fig. 67), 


Fig. 


Fig. 


5 


5 69: 


serie 


9. 


14. 


pulps 


and the descending of the grain along a collar to the base (Fig. 
68, 1—2) (semi-diagrammatic). See p. 145. 

A flagellated chamber and its surroundings in a living green Spon- 
gilla grown on coverglass (magnif. + 800 times). gr. alg. = green 


symbiotic” algae; cl. alg. = colourless „symbiotic” algae; ch. l. 
= choanocytic layer; imesgl. = mesogloea; am. = amoebocyte; 
nu. = nucleus; vac. = food vacuole; odr. = oildrops. By 1—2—38 


is represented the ejection of „symbiotic” algae by the choano- 
cytic layer into the mesogloea. See p. 16, 147, 174. ° 


. Two carmine grains (a. and b.) ejected from a choanocytic layer 


(ch. 1.) into a parenchymal tissue-bridge (semi-diagrammatic). 
In J the original condition is given; in JJ grain a. was ejected 
and moved on (1—2—3—4—5), in III grain b. ejected and moved 
on (1—2—5—-4—5—6—7). See p. 147. 

The spreading of carmine from a flagellated chamber through 
the mesogloea into the amoebocytes. ca. = carmine grains and 
conglomerates; the other indications as in Fig. 69. Magnif. + 800 
times. See p. 147—148, 174. 

The layer of apparently undifferentiated flowing plasma (pl. lL.) 
situated outside and against the base of the choanocytes (ch. l.); 
an oildrop is moved on slowly (1—2—5). See p. 151—154. © 
Semi-diagrammatic representation of a flagellated chamber with 
the layer of flowing protoplasm (pl.l.) lying against the choano- 
cytes at the side of the incurrent canal. The choanocytic layer 
(ch. l.) has been drawn as one whole; it lodges numerous captured 
carmine particles. Similar particles are carried along in the plasmic 
layer (1—2—3) to a deposit place, from where now and then a 
large (fecal) conglomerate is ejected. Magnif. + 1000 times. See 
p. 151—154, 166—168. 

Three flagellated chambers and incurrent canal (can.); layer of 
flowing plasma against the base of the choanocytes at the side 
of the canal; tissue „bridge” bent through the canal (semi-diagram- 
matic). The figure represents the transport of carmine in the plasmic 
layer (a—b—c) and in the „bridge” (1—2—3—4—_5). ch. l. = choa- 
nocytic layer; ca. = carmine (grains and conglomerates) which 
has been captured. See p. 151—154. 

The capture (2) and the carrying aside (5—4) of a coarse (food-) 
particle, that remained sticking in the prosopyle (1—2), by means 
of the layer of flowing protoplasm (pl.l.). The figure is semi- 
diagrammatic. The separate cells of the choanocytic layer (ch. l.) 
have not been drawn; the layer contains numerous particles which 
have been captured. Magnif. + 1000 times. See p. 152. 
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Fig. 76. The defecation and excretion by a vacuole situated in the canal 
wall. The small circles represent green »symbiotic” algae. Mag- 
nif. + 400 times. See p. 163—164. 

Fig. 77. The protruding and withdrawing of a defecation (and excretion) 
vacuole at several canals; in 7. a vacuole has not yet been formed; 
in 4. it finally protrudes into the 3 canal and bursts. The small 
circles represent green ,,symbiotic” algae. Magnif. + 400 times. 
See p. 163—166. 
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